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COMPOSITIONS AND METHODS RELATED
TO ENGINEERED FC CONSTRUCTS

PRIORITY

This application claims the benefit of PCT Application
No. PCT/US2015/028926, filed on May 1, 2015, which
claims prionity to U.S. Provisional Patent Application Ser.
No. 62/081,923, filed Nov. 19, 2014, the entire contents of

which are hereby incorporated by reference 1n their entirety.

BACKGROUND

Therapeutic proteins, e.g., therapeutic antibodies and Fc-
fusion proteins, have rapidly become a clinically important
drug class for patients with immunological and inflamma-
tory diseases.

SUMMARY OF THE INVENTION

The present mmvention features biologically active Fc
domain-containing therapeutic constructs. Such constructs
may have desirable serum half-life and/or binding athinity
and/or avidity for Fc receptors. These constructs are useful,
¢.g., to reduce mflammation 1n a subject, to promote clear-
ance ol autoantibodies in a subject, to suppress antigen
presentation 1n a subject, to block an immune response, e.g.,
block an immune complex-based activation of the immune
response 1n a subject, and to treat immunological and
inflammatory diseases (e.g., autoimmune diseases) in a
subject. The Fc constructs described herein can be used to
treat patients having immunological and inflammatory dis-
cases without significant stimulation of immune cells.

In general, the mvention features Fc constructs having
2-10 Fc domains, e.g., Fc constructs having 2, 3, 4, 5, 6, 7,
8, 9, or 10 Fc domains. In some embodiments, the Fc
construct includes 2-10 Fc domains, 2-5 Fc domains, 3-5 Fc
domains, 2-8 Fc¢ domains, or 2-6 Fc domains. The construct
may include 2-6 (e.g., 2, 3, 4, 5, or 6) associated polypep-
tides, each polypeptide including at least one F¢ domain
monomer, wherein each Fc domain monomer of the con-
struct 1s the same or differs by no more than 20 amino acids
(e.g., no more than 15, 10 amino acids), e.g., no more than
20, 15, 10, 8, 7, 6, 5, 4, 3 or 2 amino acids, from another
monomer of the construct. The Fc constructs described
herein do not include an antigen-binding domain of an
immunoglobulin. In some embodiments, the Fc construct (or
an Fc domain within an Fc construct) i1s formed entirely or
in part by association of Fc¢ domain monomers that are
present 1n different polypeptides. In certain embodiments,
the Fc construct does not include an additional domain (e.g.,
an IgM tailpiece or an IgA tailpiece) that promotes associa-
tion of two polypeptides. In other embodiments, covalent
linkages are present in the Fc construct only between two Fc
domain monomers that join to form an Fc domain. In other
embodiments, the Fc construct does not include covalent
linkages between Fc domains. In still other embodiments,
the Fc construct provides for suflicient structural flexibility
such that all or substantially all of the F¢ domains 1n the Fc
construct are capable of simultaneously interacting with an
Fc¢ receptor on a cell surface. In some embodiments, the Fc
construct includes at least two Fc domains joined through a
linker (e.g., a flexible amino acid spacer). In one embodi-
ment, the domain monomers are different in primary
sequence from wild-type or from each other in that they have
dimerization selectivity modules.
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An Fc construct of the mvention can be 1n a pharmaceus-
tical composition that includes a substantially homogenous
population (e.g., at least 85%, 90%, 95%, 98%, or 99%
homogeneous) of the Fc construct having 2-10 F¢ domains,
¢.g., aconstruct having 2,3,4,5,6,7, 8,9, or 10 Fc domains,
such as those described herein. Consequently, pharmaceu-
tical compositions can be produced that do not have sub-
stantial aggregation or unwanted multimerization of Fc
constructs.

In one aspect, the Fc construct includes three polypeptides
that form two Fc domains. The first polypeptide has the
formula A-L.-B, wherein A includes a first F¢c domain mono-
mer; L 1s a linker; and B includes a second Fc¢ domain
monomer. The second polypeptide includes a third Fc
domain monomer, and the third polypeptide includes a
fourth Fc domain monomer. In this aspect, the first Fc
domain monomer and the third Fc domain monomer com-
bine to form a first F¢ domain. Similarly, the second Fc
domain monomer and the fourth Fc domain monomer com-
bine to form a second Fc domain. Exemplary Fc constructs
of this aspect of the invention are 1llustrated in FIGS. 4 and
6.

In certain embodiments, the first Fc domain monomer and
the third Fc domain monomer include complementary
dimerization selectivity modules that promote dimerization
between these Fc domain monomers. In other embodiments,
the second Fc domain monomer and the fourth Fc domain
monomer include complementary dimerization selectivity
modules that promote dimerization between these Fc
domain monomers.

In certain embodiments, one or more of A, B, the second
polypeptide, and the third polypeptide consists of an Fc
domain monomer. In one embodiment, each of A, B, the
second polypeptide, and the third polypeptide consist of an
Fc¢ domain monomer.

In certain embodiments, the Fc construct can further
include a heterologous moiety, e.g., a peptide, e.g., a peptide
that binds a serum protein, e€.g., an albumin-binding peptide.
The moiety may be joined to the N-terminus or the carboxy-
terminus of B or the third polypeptide, e.g., by way of a
linker.

In certain embodiments, the Fc construct further includes
an IgG C, antibody constant domain and an IgG C,l
antibody constant domain. The IgG C,1 antibody constant
domain can be attached to the N-terminus of A or the second
polypeptide, e.g., by way of a linker.

In other embodiments, the second and third polypeptides
of the Fc¢ construct have the same amino acid sequence.

In another aspect, the invention features an Fc construct
that includes four polypeptides that form three Fc domains.
The first polypeptide has the formula A-L-B, wherein A
includes a first Fc domain monomer; L. 1s a linker; and B
includes a second Fc domain monomer. The second poly-
peptide has the formula A'-L'-B', wherein A' includes a third
Fc domain monomer; L' 1s a linker; and B' includes a fourth
Fc¢ domain monomer. The third polypeptide includes a fifth
Fc domain monomer, and the fourth polypeptide includes a
s1xth Fc domain monomer. In this aspect, A and A' combine
to form a first Fc domain, B and fifth Fc domain monomer
combine to form a second Fc domain, and B' and sixth Fc
domain monomer combine to form a third Fc domain. An
exemplary Fc construct of this aspect of the mnvention 1is
illustrated 1n FIG. 5.

In certain embodiments, A and A' each include a dimeriza-
tion selectivity module that promotes dimerization between
these Fc domain monomers. In other embodiments, B and
the fifth Fc domain monomer each include a dimerization
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selectivity module that promotes dimerization between these
Fc domain monomers. In yet other embodiments, B' and the
sixth Fc domain monomer each include a dimerization
selectivity module that promotes dimerization between these
Fc domain monomers.

In certain embodiments, one or more of A, B, A", B', the
third polypeptide, and the fourth polypeptide consists of an
Fc domain monomer. In one embodiment, each of A, B, A,
B', the third polypeptide, and the fourth polypeptide consists
of an Fc domain monomer.

In certain embodiments, the Fc construct further includes
an IgG C, antibody constant domain and an IgG C,l
antibody constant domain, wherein the IgG C, antibody
constant domain 1s attached to the N-terminus of the IgG
C,1 antibody constant domain by way of a linker and the
IgG C,,1 antibody constant domain 1s attached to the N-ter-
minus of A, e.g., by way of a linker. In one embodiment, the
Fc¢ construct further includes a second IgG C, antibody
constant domain and a second IgG C,1 antibody constant
domain, wherein the second IgG C, antibody constant
domain 1s attached to the N-terminus of the second IgG C,,1
antibody constant domain, e.g., by way of a linker and the
second IgG C,,1 antibody constant domain 1s attached to the
N-terminus of A', e.g., by way of a linker.

In certain embodiments, the Fc construct further includes
a heterologous moiety, e.g., a peptide, e.g., an albumin-
binding peptide joined to the N-terminus or C-terminus of B
or B, e.g., by way of a linker.

In other embodiments, the first and second polypeptides
of the Fc construct have the same amino acid sequence and
the third and fourth polypeptides of the Fc construct have the
same amino acid sequence.

In another aspect, the invention features an Fc construct
that includes two polypeptides. The first polypeptide has the
formula A-L.-B, wherein A includes a first Fc domain mono-
mer; L 1s a linker; and B includes a serum protein-binding,
moiety, e.g., an albumin binding peptide. The second poly-
peptide includes a second Fc¢ domain monomer. In this
aspect, the first Fc domain monomer and the second Fc
domain monomer combine to form an Fc domain.

In certain embodiments, the first Fc domain monomer and
the second Fc¢ domain monomer include complementary
dimerization selectivity modules that promote dimerization
between the first Fc domain monomer and the second Fc
domain monomer.

In certain embodiments, A and the second polypeptide
cach consists of an Fc domain monomer.

In yet another aspect, the invention features an Fc con-
struct that includes two polypeptides. The first polypeptide
has the formula A-L1-B-L2-C, wherein A includes an IgG
C, antibody constant domain; .1 and L2 are each a linker;
B includes an IgG C,1 antibody constant domain; and C
includes a first F¢ domain monomer. The second polypeptide
has the formula A'-L1'-B'-L2'-C', wherein A’ includes an IgG
C, antibody constant domain; [L1' and L.2' are each a linker;
B' includes an IgG C,,1 antibody constant domain; and '
includes a second Fc domain monomer. In this aspect, the
first F¢ domain monomer and the second Fc domain mono-
mer combine to form an Fc¢ domain. An exemplary Fc
construct of this aspect of the invention 1s 1llustrated 1n FIG.
TA.

In certain embodiments, the first Fc domain monomer and
the second Fc¢ domain monomer include dimerization selec-
tivity modules that promote dimerization between the first
Fc¢ domain monomer and the second Fc domain monomer.

In certain embodiments, C and C' each consist of an Fc
domain monomer.
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In certain embodiments, the Fc construct further includes
a serum protein binding moiety, e.g., an albumin-binding
peptide joined to the N-terminus or C-terminus of C or C' by
way of a linker.

In vet another aspect, the mvention features an Fc con-
struct that includes four or more polypeptides. The first
polypeptide has the formula A-L1-B-L2-C, wherein A
includes an IgG C, antibody constant domain; [.1 and .2 are
cach a linker; B includes an IgG C,1 antibody constant
domain; and C includes a first F¢c domain monomer. The
second polypeptide has the formula A'-L1'-B'-L2'-C,

wherein A' includes an IgG C, antibody constant domain;
L1' and L2' are each a linker; B' includes an IgG C,l
antibody constant domain; and C' includes a second Fc
domain monomer. In this aspect, the first F¢c domain mono-
mer combines with a third Fc domain monomer to form a
first Fc domain and the second F¢ domain monomer com-
bines with a fourth Fc domain monomer to form a second Fc
domain. Additionally, the IgG C,1 antibody constant
domain of the first polypeptide combines with the IgG C,
antibody constant domain of the second polypeptide and the
IgG C,,1 antibody constant domain of the second polypep-
tide combines with the IgG C, antibody constant domain of
the first polypeptide to form an Fc construct that includes
two or more Fc domains. An exemplary Fc construct of this
aspect of the invention 1s illustrated in FIG. 7B.

In another aspect, the invention features an Fc construct
that 1includes two polypeptides. The first polypeptide
includes a first F¢ domain monomer and the second poly-
peptide includes a second Fc¢ domain monomer. In this
aspect, the first and second Fc domain monomers combine
to form an Fc¢ domain. An exemplary Fc construct of this
aspect of the invention is illustrated 1n FIG. 1. Further in this
aspect, the first Fc domain monomer and the second Fc
domain monomer each include a dimerization selectivity
module that promotes dimerization between the first Fc
domain monomer and the second Fc¢ domain monomer.
Exemplary Fc constructs of this embodiment are 1llustrated
in FIGS. 2 and 3.

In certain embodiments, the first and second polypeptides
cach consist of an Fc domain monomer.

In certain embodiments, the Fc construct further includes
a serum protein binding moiety, e.g., an albumin-binding
peptide joined to the N-terminus or C-terminus of the first or
second polypeptide, e.g., by way of a linker.

In another aspect, the invention features an Fc construct
that includes two polypeptides. The first polypeptide has the
formula A-L.-B, wherein A includes a first Fc domain mono-
mer; L 1s a linker; and B includes a second Fc domain
monomer. The second polypeptide has the formula A'-L'-B',
wherein A' includes a third Fc¢ domain monomer:; L' 1s a
linker; and B' includes a fourth Fc domain monomer. In this
aspect, the first and second Fc domain monomers each
include an engineered cavity into their respective C.3
antibody constant domains and the second and fourth Fc
domain monomers each include an engineered protuberance
into their respective C.3 antibody constant domains,
wherein the engineered cavity and the engineered protuber-
ance are positioned to form a protuberance-into-cavity pair.
Also 1n this aspect, the first Fc domain monomer and the
third F¢ domain monomer combine to form a first Fc domain
and the second Fc domain monomer and the fourth Fc
domain monomer combine to form a second Fc¢ domain.

In certain embodiments, one or more of A, B, A', and B'
consists of an Fc domain monomer. In one embodiment,
each of A, B, A', and B' consists of an Fc domain monomer.
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In certain embodiments, the Fc construct further includes
a serum protein binding moiety, e.g., an albumin-binding
peptide joined to the N-terminus or C-terminus of B or B',
¢.g., by way of a linker.

In certain embodiments, the Fc construct further includes
an IgG C, antibody constant domaimn and an IgG C,l
antibody constant domain, wherein the IgG C, antibody
constant domain 1s attached to the N-terminus of the IgG
C,,1 antibody constant domain, e.g., by way of a linker and
the IgG C,1 antibody constant domain 1s attached to the
N-terminus of A by way of a linker. In one embodiment, the
Fc¢ construct further includes a second IgG C, antibody
constant domain and a second IgG C,1 antibody constant
domain, wherein the second IgG C, antibody constant
domain 1s attached to the N-terminus of the second 1gG C,1
antibody constant domain by way of a linker and the second
IgG C,1 antibody constant domain 1s attached to the N-ter-
minus of A' by way of a linker.

In another aspect, the mvention features an Fc construct
consisting of a) a first polypeptide having the formula
A-L-B:; wherein A includes or consists of a first Fc domain
monomer; L. 1s a linker; and B includes or consists of a
second Fc domain monomer; b) a second polypeptide having
the formula A'-L'-B'; wherein A' includes or consists of a
third Fc domain monomer; L' 1s a linker; and B' includes or
consists of a fourth Fc domain monomer; ¢) a third poly-
peptide that includes or consists of a fifth F¢ domain
monomer; and d) a fourth polypeptide that includes or
consists of a sixth Fc domain monomer. A of the first
polypeptide and A' of the second polypeptide combine to
form a first Fc domain; B of the first polypeptide and the fifth
Fc domain monomer combine to form a second Fc¢ domain;
and B' of the second polypeptide and the sixth F¢ domain
monomer combine to form a third F¢ domain. Each of the
first and third Fc domain monomers includes complemen-
tary dimerization selectivity modules that promote dimeriza-
tion between the first Fc domain monomer and the third Fc
domain monomer, each of the second and fifth F¢c domain
monomers includes complementary dimerization selectivity
modules that promote dimerization between the second Fc
domain monomer and the fifth Fc domain monomer, and
cach of the fourth and sixth F¢ domain monomers includes
complementary dimerization selectivity modules that pro-
mote dimerization between the fourth Fc domain monomer
and the sixth Fc domain monomer; wherein the Fc construct
contains no more than three Fc domains.

In some embodiments of this aspect, either the first Fc
domain monomer or the third Fc domain monomer includes
a negatively-charged amino acid substitution, and the other
Fc¢ domain monomer includes a positively-charged amino
acid substitution, either the second and fourth Fc domain
monomers or the fifth and sixth Fc domain monomers
include an engineered protuberance, and the other Fc
domain monomers include an engineered cavity. In some
embodiments, linker L1, .2, L.1', and/or L.2' 1s 3-200 amino
acids 1n length. In some embodiments, linker I and/or L
consists of the sequence of any one of SEQ ID NOs: 1, 2,
and 3.

In another aspect, the invention features an Fc construct
consisting of a) a first polypeptide having the formula
A-L1-B-L2-C; wherein A includes or consists of a first Fc
domain monomer; [.1 1s a linker; B includes or consists of
a second Fc domain monomer; [.2 1s a linker; and C includes
or consists of a third Fc domain monomer; and b) a second
polypeptide having the formula A'-L1'-B'-L2'-C'; wherein A
includes or consists of a fourth Fc domain monomer; [.1' 1s
a linker; B' includes or consists of a fifth Fc domain

10

15

20

25

30

35

40

45

50

55

60

65

6

monomer; [.2' 1s a linker; and C' includes or consists of a
sixth Fc domain monomer; ¢) a third polypeptide that
includes or consists of a seventh Fc domain monomer; d) a
fourth polypeptide that includes or consists of a eighth Fc
domain monomer; ¢) a fifth polypeptide that includes or
consists of a ninth Fc domain monomer; and 1) a sixth
polypeptide that includes or consists of a tenth Fc domain
monomer. A of the first polypeptide and the seventh Fc
domain monomer combine to form a first Fc domain; B of
the first polypeptide and B' of the second polypeptide
combine to form a second Fc domain; C of the first poly-
peptide and the eighth F¢ domain monomer combine to form
a third Fc domain, A' of the second polypeptide and the ninth
Fc domain monomer combine to form a fourth Fc domain,
and C' of the second polypeptide and the tenth Fc domain
monomer combine to form a fifth F¢ domain. Each of the
first and seventh Fc¢ domain monomers includes comple-
mentary dimerization selectivity modules that promote
dimerization between the first Fc domain monomer and the
seventh Fc domain monomer, each of the second and fifth Fc
domain monomers includes complementary dimerization
selectivity modules that promote dimerization between the
second Fc domain monomer and the fifth Fc domain mono-
mer, each of the third and eighth Fc domain monomers
includes complementary dimerization selectivity modules
that promote dimerization between the third F¢ domain
monomer and the eighth F¢ domain monomer; each of the
fourth and ninth Fc domain monomers includes complemen-
tary dimerization selectivity modules that promote dimeriza-
tion between the fourth Fc domain monomer and the ninth
Fc domain monomer; and each of the sixth and tenth Fc
domain monomers includes complementary dimerization
selectivity modules that promote dimerization between the
sixth domain monomer and the tenth Fc domain monomer;
wherein the Fc construct contains no more than five Fc
domains.

In some embodiments of this aspect, each of the first,
third, fourth, and sixth Fc domain monomers includes an
engineered protuberance, the second F¢ domain monomer
includes a negatively-charged amino acid substitution, the
fifth Fc domain monomer includes a positively-charged
amino acid substitution, and each of the seventh, eighth,
ninth, and tenth F¢ domain monomers includes an engi-
neered cavity. In some embodiments, linker L1, L2, L1,
and/or L.2' 1s 3-200 amino acids in length. In some embodi-
ments, linker L1, L2, 1", and/or L2' consists of the sequence
of any one of SEQ ID NOs: 1, 2, and 3.

In another aspect, the invention features an Fc construct
consisting of a) a first polypeptide having the formula
A-L1-B-L2-C: wherein A includes or consists of a first Fc
domain monomer; [.1 1s a linker; B includes or consists of
a second Fc domain monomer; 1.2 1s a linker; and C includes
or consists of a third Fc domain monomer; and b) a second
polypeptide having the formula A'-L1'-B'-L.2'-C"; wherein A’
includes or consists of a fourth Fc domain monomer; L.1' 1s
a linker; B' includes or consists of a fifth Fc domain
monomer; [.2' 1s a linker; and C' includes or consists of a
sixth Fc domain monomer; ¢) a third polypeptide that
includes or consists of a seventh Fc domain monomer; d) a
fourth polypeptide that includes or consists of a eighth Fc
domain monomer; ¢) a fifth polypeptide that includes or
consists of a ninth F¢ domain monomer; 1) a sixth polypep-
tide that includes or consists of a tenth F¢ domain monomer.
A of the first polypeptide and A' of the second polypeptide
combine to form a first Fc domain; B of the first polypeptide
and the seventh Fc¢ domain monomer combine to form a
second Fc domain; C of the first polypeptide and the eighth
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Fc domain monomer combine to form a third Fc domain, B'
ol the second polypeptide and the ninth Fc domain monomer
combine to form a fourth Fc domain, and C' of the second
polypeptide and the tenth Fc domain monomer combine to
form a fifth Fc domain. Each of the first and fourth Fc
domain monomers includes complementary dimerization
selectivity modules that promote dimerization between the
first Fc domain monomer and the fourth Fc domain mono-
met, each of the second and seventh Fc domain monomers
includes complementary dimerization selectivity modules
that promote dimerization between the second Fc¢ domain
monomer and the seventh Fc domain monomer, each of the
third and eighth Fc domain monomers includes complemen-
tary dimerization selectivity modules that promote dimeriza-
tion between the third Fc domain monomer and the eighth Fc
domain monomer; each of the fifth and ninth Fc¢ domain
monomers mcludes complementary dimerization selectivity
modules that promote dimerization between the fifth Fc
domain monomer and the ninth Fc domain monomer; and
cach of the sixth and tenth F¢ domain monomers includes
complementary dimerization selectivity modules that pro-
mote dimerization between the sixth domaim monomer and
the tenth Fc domain monomer; wherein the Fc construct
contains no more than five Fc domains.

In some embodiments of this aspect, the first Fc domain
monomer includes a negatively-charged amino acid substi-
tution, the fourth Fc domain monomer includes a positively-
charged amino acid substitution, each of the second, third,
fifth, and sixth Fc domain monomers includes an engineered
protuberance, and each of the seventh, eighth, ninth, and
tenth Fc domain monomers includes an engineered cavity. In
some embodiments, linker [.1, L2, LL1', and/or L.2' 1s 3-200
amino acids in length. In some embodiments, linker L1, L2,
L.1', and/or L2' consists of the sequence of any one of SEQ
ID NOs: 1, 2, and 3.

In another aspect, the mnvention features an Fc construct
that includes one or more Fc domains, wherein the Fc
construct 1s assembled from a single polypeptide sequence.
The polypeptide has the formula A-L-B, wherein A includes
a first Fc domain monomer; L 1s a linker (optionally a
cleavable linker with, e.g., one, two or more cleavage sites);
and B includes a second Fc¢ domain monomer. The linker can
be an amino acid spacer of suflicient length (e.g., at least 15
amino acids, preferably at least about 20 amino acid residues
in length, e.g., 15-200 amino acids 1n length) and flexibility
that the first Fc domain monomer and the second Fc¢ domain
monomer of the polypeptide combine to form an F¢ domain.
In certain embodiments, the first Fc domain monomer and
the second Fc domain monomer include complementary
dimerization selectivity modules that promote dimerization
between the first Fc domain monomer and the second Fc
domain monomer. Such a construct can be formed from
expression of a single polypeptide sequence 1n a host cell. In
one embodiment, the polypeptide has the formula A-L1-B-
[.2-C, wherein A includes a first F¢c domain monomer; L.1 1s
a linker (optionally a cleavable linker with, e.g., one, two, or
more cleavage sites); B includes a second Fc domain mono-
mer; 1.2 1s a linker; and C 1s a third Fc domain monomer. The
linker can be an amino acid spacer of suilicient length (e.g.,
at least 15 amino acids, preferably at least about 20 amino
acid residues 1n length, e.g., 15-200 amino acids 1n length)
and flexibility that the first F¢ domain monomer and the
second F¢ domain monomer of the polypeptide combine to
form an Fc domain. In certain embodiments, the first Fc
domain monomer and the second Fc¢ domain monomer
include complementary dimerization selectivity modules
that promote dimerization between the first Fc domain
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monomer and the second Fc domain monomer. An example
of an Fc construct of this embodiment, including three Fc
domains, 1s depicted 1n FIG. 10.

In any of the Fc constructs described herein, the Fc
domain monomers of an Fc domain of the construct can have
the same primary amino acid sequence. For example, the Fc
domain monomers of an Fc domain may both be a wild-type
sequence, or both Fc domain monomers of an Fc domain
may have the same dimerization selectivity module, e.g.,
both Fc domain monomers of an Fc domain may have
identical reverse charge mutations 1n at least two positions
within the ring of charged residues at the interface between
C,3 domains.

In any of the Fc constructs described herein, the Fc
domain monomers of an F¢ domain of a construct can have
different sequences, €.g., sequences that differ by no more
than 20 amino acids (e.g., no more than 15, 10 amino acids),
¢.g., no more than 20, 15,10, 8,7, 6, 5, 4, 3 or 2 amino acids,
between two Fc monomers (1.6.,, between the Fc domam
monomer and another monomer of the Fc construct). For
example, F¢ monomer sequences ol a construct described
herein may be diflerent because complementary dimeriza-
tion selectivity modules of any of the Fc constructs can
include an engineered cavity 1n the C,3 antibody constant
domain of one of the domain monomers and an engineered
protuberance 1n the C,3 antibody constant domain of the
other of the Fc domain monomers, wherein the engineered
cavity and the engineered protuberance are positioned to
form a protuberance-into-cavity pair ol Fc domain mono-
mers. Exemplary engineered cavities and protuberances are
shown 1n Table 1. In other embodiments, the complementary
dimerization selectivity modules include an engineered
(substituted) negatively-charged amino acid in the C,3
antibody constant domain of one of the domain monomers
and an engineered (substituted) positively-charged amino
acid 1n the C,3 antibody constant domain of the other of the
Fc¢ domain monomers, wherein the negatively-charged
amino acid and the positively-charged amino acid are posi-
tioned to promote formation of an Fc domain between
complementary domain monomers. Exemplary complemen-
tary amino acid changes are shown in Table 2.

In some embodiments, in addition to the dimerization
selectivity modules (e.g., the engineered cavities and pro-
tuberances, or the engineered positively and negatlvely-
charged amino acids (see, e.g., exemplary amino acid
changes 1n Tables 1 and 2)), an Fc construct described herein
may also include additional amino acid substitutions from a
wild type sequence in the F¢ monomer sequences to, e.g.,
help to stabilize the Fc¢ construct or to prevent protein
aggregation.

In some embodiments, an Fc construct described herein
includes 2-10 Fc domains (e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10
domains), wherein at least two of the F¢ domains of the
construct have different dimerization selectivity modules.
For example, constructs 5, 8, 9 and 10 have at least one Fc
domain 1ncluding engineered cavity and protuberance and at
least one Fc¢ domain including complementary reverse
charge mutations.

In other embodiments, one or more linker 1n an Fc
construct described herein 1s a bond.

In other embodiments, one or more linker 1n an Fc
construct described herein 1s a spacer, e.g., an amino acid
spacer of 2-200 amino acids.

In certain embodiments, the amino acid spacer 1s a glycine

and/or serine rich spacer, e.g., the spacer includes two or
more motifs of the sequence GS, GGS, GGGGS (SEQ ID

NO: 1), GGSG (SEQ ID NO: 2), or SGGG (SEQ ID NO: 3).
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In certain embodiments, when an Fc construct includes an
albumin-binding peptide, the albumin-binding peptide has
the sequence of DICLPRWGCLW (SEQ ID NO: 28).

In other embodiments, one or more of the Fc domain
monomers 1n the Fc constructs described herein includes an
IgG hinge domain, an IgG C,2 antibody constant domain,
and an IgG C,3 antibody constant domain.

In certain embodiments, each of the Fc domain monomers
in the foregoing Fc constructs includes an IgG hinge
domain, an IgG C,,2 antibody constant domain, and an IgG
C,3 antibody constant domain. In certain embodiments, the
IgG 1s of a subtype selected from the group consisting of
IgG1, IgG2a, 1gG2b, 1gG3, and IgG4.

In yet another aspect, the invention features a pharma-
ceutical composition that includes a substantially homog-
enous (e.g., at least 85%, 90%, 95%, 97%, 98%, 99%
homogeneous) population of any Fc¢ construct described
herein. In one embodiment, a sterile syringe or vial qualified
for pharmaceutical use contains a pharmaceutical composi-
tion wherein the only or primary active ingredient 1s a
substantially homogenous (e.g., at least 85%, 90%, 95%,
98%, or 99% homogeneous) population of any one of the Fc
constructs described herein. The pharmaceutical composi-
tion may include one or more inactive ingredients, e.g.,
selected from salts, detergents, surfactants, bulking agents,
polymers, preservatives, and other pharmaceutical excipi-
ents. In another embodiment, the substantially homogenous
pharmaceutical composition contains less than 10%, less
than 5%, less than 4%, less than 3%, less than 2%, less than
1%, or less than 0.5% aggregates or unwanted multimers of
the Fc construct.

In another aspect, the invention features a method of
preparing any one of the foregoing Fc constructs. The
method includes providing a host cell including a polynucle-
otide or polynucleotides encoding the polypeptides needed
to assemble the Fc construct, expressing polypeptides 1n the
host cell under conditions that allow for the formation of the
Fc construct, and recovering (e.g., purilying) the Fc con-
struct.

In some embodiments, the Fc construct 1s formed at least
in part by association of Fc¢ domain monomers that are
present 1n different polypeptides. In certain embodiments,
the Fc construct 1s formed by association of Fc domain
monomers that are present in different polypeptides. In these
embodiments, the Fc construct does not include an addi-
tional domain that promotes association of two polypeptides
(e.g., an IgM tailpiece or an IgA tailpiece). In other embodi-
ments, covalent linkages (e.g., disulfide bridges) are present
only between two Fc domain monomers that join to form an
Fc domain. In other embodiments, the Fc construct does not
include covalent linkages (e.g., disulfide bridges) between
Fc domains. In still other embodiments, the Fc construct
provides for suflicient structural flexibility such that all or
substantially all of the Fc domains in the Fc construct are
capable of simultaneously interacting with an Fc receptor on
a cell surface. In certain examples of any of these embodi-
ments, the Fc construct includes at least two Fc domains
joined through a linker (e.g., a flexible amino acid spacer).

In one embodiment, the Fc domain monomers of an Fc
domain are found in different polypeptide chains that asso-
ciate to form the Fc domain. For example, the constructs
depicted in FIG. 4 and FIG. 6 have two Fc domains
including three associated polypeptides. One of the three
polypeptides includes two Fc domain monomers and the
other two of the polypeptides each includes one Fc domain
monomer. The construct depicted 1n FIG. 5§ has three Fc
domains including four associated polypeptides; two of the
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four polypeptides have two F¢ domain monomers and the
other two of the four polypeptides each has one Fc domain
monomer. The Fc construct depicted in FIG. 7B can have n
Fc¢ domains (where n 1s 2-10) including 2n polypeptides,
cach polypeptide including an Fc domain monomer, an IgG
C, antibody constant domain, and an IgG C,1 antibody
constant domain. The constructs depicted 1n FIGS. 8 and 9
cach has five F¢ domains including six associated polypep-
tides. Two of the six polypeptides have three Fc domain
monomers and the other four of the six polypeptides each
has one Fc domain monomer. The construct depicted in FIG.
10, has three Fc domains including two associated polypep-
tides. Each of the two polypeptides contains three Fc domain
monomers joined in a tandem series.

In another aspect, the invention features compositions and
methods for promoting selective dimerization of F¢ domain
monomers. The imvention includes an Fc domain wherein
the two Fc¢ domain monomers of the Fc domain include
identical mutations in at least two positions within the ring
of charged residues at the interface between C,,3 antibody
constant domains. The mvention also 1includes a method of
making such an Fc domain, including itroducing comple-
mentary dimerization selectivity modules having 1dentical
mutations in two Fc domain monomer sequences in at least
two positions within the ring of charged residues at the
interface between C,3 antibody constant domains. The
interface between C,3 antibody constant domains consists
of a hydrophobic patch surrounded by a ring of charged
residues. When one C,3 antibody constant domain comes
together with another, these charged residues pair with
residues of the opposite charge. By reversing the charge of
both members of two or more complementary pairs of
residues, mutated Fc domain monomers remain complemen-
tary to Fc domain monomers of the same mutated sequence,
but have a lower complementarity to Fc domain monomers
without those mutations. In this embodiment, the identical
dimerization selectivity modules promotes homodimeriza-
tion. Exemplary Fc domains include Fc monomers contain-
ing the double mutants K409D/D399K, K3921D/D399K,
E357K/K370E, D356K/K439D, K409E/D399K, K392E/
D399K, E357K/K370D, or D356K/K439E. In another
embodiment, an F¢ domain includes F¢ monomers including
quadruple mutants combining any pair of the double
mutants, e.g., K409D/D399K/E357K/K370E. In another
embodiment, 1n addition to the 1dentical dimerization selec-
tivity modules, the Fc domain monomers of the F¢ domain
include complementary dimerization selectivity modules
having non-identical mutations that promote specific asso-
ciation (e.g., engineered cavity and protuberance). As a
result, the two Fc domain monomers include two dimeriza-
tion selectivity modules and remain complementary to each
other, but have a decreased complementarity to other Fc
domain monomers. This embodiment promotes heterodi-
merization between a cavity-containing F¢ domain and a
protuberance-containing Fc¢ domain monomer. In one
example, the 1dentical mutations 1n charged pair residues of
both Fc domain monomers are combined with a protuber-
ance on one Fc domain monomer and a cavity on the other
Fc domain monomer.

In another aspect, the invention features a method of
reducing inflammation 1 a subject 1n need thereof. In
another aspect, the invention features a method of promoting
clearance of autoantibodies 1n a subject in need thereof. In
another aspect, the invention features a method of suppress-
ing antigen presentation in a subject i need thereof. In
another aspect, the ivention features a method of reducing
the 1mmune response 1 a subject in need thereof, e.g.,
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reducing immune complex-based activation of the immune
response 1n a subject 1n need thereotf. These methods include
administering to the subject an Fc construct or pharmaceu-
tical composition described herein.

In another aspect, the invention features a method of >

treating an intflammatory or autoimmune or immune disease
in a subject by administering to the subject an Fc construct
or pharmaceutical composition described herein (e.g., any
one of constructs 1-10 and 5*). Exemplary diseases include:
rheumatoid arthritis (RA); systemic lupus erythematosus
(SLE); ANCA-associated vasculitis; antiphospholipid anti-
body syndrome; autoimmune hemolytic anemia; chronic
inflammatory demyelinating neuropathy; clearance of anti-
allo 1n transplant, anti-self in GVHD, anti-replacement, 1gG
therapeutics, IgG paraproteins; dermatomyositis; Goodpas-
ture’s Syndrome; organ system-targeted type II hypersensi-
tivity syndromes mediated through antibody-dependent cell-
mediated cytotoxicity, e.g., Guillain Barre syndrome, CIDP,
dermatomyositis, Felty’s syndrome, antibody-mediated
rejection, autoimmune thyroid disease, ulcerative colitis,
autoimmune liver disease; 1diopathic thrombocytopenia pur-
pura; Myasthenia Gravis, neuromyelitis optica; pemphigus
and other autoimmune blistering disorders; Sjogren’s Syn-
drome; autoimmune cytopenias and other disorders medi-
ated through antibody-dependent phagocytosis; other FcR-
dependent 1inflammatory syndromes, e.g., synovitis,
dermatomyositis, systemic vasculitis, glomerulitis and vas-
culitis.

In another aspect, the invention features an Fc construct
or pharmaceutical composition described herein (e.g., any
one of constructs 1-10 and 5*) for use 1n reducing inflam-
mation 1n a subject 1n need thereof. In another aspect, the
invention features an Fc construct or pharmaceutical com-
position described herein (e.g., any one of constructs 1-10
and 5*) for use 1n promoting clearance of autoantibodies 1n
a subject 1 need thereof. In another aspect, the mvention
features an Fc construct or pharmaceutical composition
described herein (e.g., any one of constructs 1-10 and 5*) for
use 1n suppressing antigen presentation 1n a subject in need
thereof. In another aspect, the invention features an Fc
construct or pharmaceutical composition described herein
(e.g., any one of constructs 1-10 and 5*) for use 1n reducing
the 1mmune response 1n a subject 1n need thereotf, e.g.,
reducing immune complex-based activation of the immune
response 1n a subject 1n need thereof.

In another aspect, the invention features an Fc construct
or pharmaceutical composition described herein (e.g., any
one of constructs 1-10 and 5*) for use in treating an
inflammatory or autoimmune or immune disease in a sub-
ject. Exemplary diseases include: rheumatoid arthritis (RA);
systemic lupus erythematosus (SLE); ANCA-associated
vasculitis; antiphospholipid antibody syndrome; autoim-
mune hemolytic anemia; chronic inflammatory demyelinat-
ing neuropathy; clearance of anti-allo 1n transplant, anti-self
in GVHD, anti-replacement, 1gG therapeutics, IgG parapro-
teins; dermatomyositis; Goodpasture’s Syndrome; organ
system-targeted type II hypersensitivity syndromes medi-
ated through antibody-dependent cell-mediated cytotoxicity,
¢.g., Guillain Barre syndrome, CIDP, dermatomyositis, Fel-
ty’s syndrome, antibody-mediated rejection, autoimmune
thyroid disease, ulcerative colitis, autoimmune liver disease;
idiopathic thrombocytopenia purpura; Myasthenia Gravis,
neuromyelitis optica; pemphigus and other autoimmune
blistering disorders; Sjogren’s Syndrome; autoimmune
cytopenias and other disorders mediated through antibody-
dependent phagocytosis; other FcR-dependent inflammatory
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syndromes, €.g., synovitis, dermatomyositis, systemic vas-
culitis, glomerulitis and vasculitis.

In any of the Fc constructs described herein, 1t 1s under-
stood that the order of the Fc domain monomers 1s inter-
changeable. For example, 1n a polypeptide having the for-
mula A-L-B, the carboxy terminus of A can be joined to the
amino terminus of L, which in turn 1s joined at 1ts carboxy
terminus to the amino terminus of B. Alternatively, the
carboxy terminus of B can be joined to the amino terminus
of L, which 1n turn 1s joined at 1its carboxy terminus to the
amino terminus ol C. Both of these configurations are
encompassed by the formula A-L-B.

In a related aspect, the invention features a host cell that
expresses any one of the foregoing Fc constructs. The host
cell includes polynucleotides encoding the polypeptides
needed to assemble the Fc construct, wherein the polynucle-
otides are expressed 1n the host cell.

Definitions

As used herein, the term “Fc domain monomer” refers to
a polypeptide chain that includes at least a hinge domain and
second and third antibody constant domains (C,,2 and C,,3)
or functional fragments thereof (e.g., fragments that that
capable of (1) dimernizing with another Fc domain monomer
to form an Fc domain, and (11) binding to an Fc receptor. The
Fc¢ domain monomer can be any immunoglobulin antibody
1sotype, including I1gG, IgE, IgM, IgA, or IgD. Additionally,
the Fc domain monomer can be an I1gG subtype (e.g., IgG1,
IgG2a, IgG2b, 1gG3, or IgG4). An Fc domain monomer does
not include any portion of an immunoglobulin that 1s
capable of acting as an antigen-recognition region, €.g., a
variable domain or a complementarity determining region
(CDR). Fc domain monomers can contain as many as ten
changes from a wild-type Fc domain monomer sequence
(e.g., 1-10, 1-8, 1-6, 1-4 amino acid substitutions, additions,
or deletions) that alter the interaction between an Fc domain
and an Fc receptor. Examples of suitable changes are known
in the art.

As used herein, the term “Fc domain™ refers to a dimer of
two Fc domain monomers that 1s capable of binding an Fc
receptor. In the wild-type Fc domain, the two Fc domain
monomers dimerize by the interaction between the two C,,3
antibody constant domains, as well as one or more disulfide
bonds that form between the hinge domains of the two
dimerizing F¢ domain monomers.

In the present invention, the term “Fc construct” refers to
associated polypeptide chains forming between 2-10 Fc
domains as described herein. Fc constructs described herein
can 1clude Fc¢ domain monomers that have the same or
different sequences. For example, an Fc construct can have
two Fc domains, one of which includes IgGGl or IgGl-
derived Fc domain monomers, and a second which includes
IgG2 or IgG2-derived Fc domain monomers. In another
example, an Fc construct can have two F¢ domains, one of
which comprises a “protuberance-into-cavity pair” and a
second which does not comprise a “protuberance-into-cavity
pair.” In the present invention, an Fc domain does not
include a vaniable region of an antibody, e¢.g., V., V,, CDR,
or HVR. An Fc domain forms the minimum structure that
binds to an Fc receptor, e.g., FcyRI, FcyRIla, FcyRIIb,
FcyRlIIla, FcyRIIIb, FcyRIV.

As used herein, the term “antibody constant domain™
refers to a polypeptide that corresponds to a constant region
domain of an antibody (e.g., a C, antibody constant domain,
a C,1 antibody constant domain, a C,,2 antibody constant
domain, or a C,3 antibody constant domain).
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As used herein, the term “promote” means to encourage
and to favor, e.g., to favor the formation of an Fc domain
from two Fc domain monomers which have higher binding
allinity for each other than for other, distinct Fc domain
monomers. As 1s described herein, two Fc domain mono-
mers that combine to form an Fc domain can have compat-
ible amino acid modifications (e.g., engineered protuber-
ances and engineered cavities) at the interface of their
respective C,,3 antibody constant domains. The compatible
amino acid modifications promote or favor the selective
interaction of such Fc¢ domain monomers with each other
relative to with other Fc domain monomers which lack such
amino acid modifications or with imncompatible amino acid
modifications. This occurs because, due to the amino acid
modifications at the interface of the two interacting C.3
antibody constant domains, the Fc domain monomers to
have a higher aflinity toward each other than to other Fc
domain monomers lacking amino acid modifications.

As used herein, the term “a dimerization selectivity mod-
ule” refers to a sequence of the F¢ domain monomer that
tacilitates the favored pairing between two Fc¢ domain
monomers. “Complementary”” dimerization selectivity mod-
ules are dimerization selectivity modules that promote or
tavor the selective mteraction of two Fc domain monomers
with each other. Complementary dimerization selectivity
modules can have the same or different sequences. Exem-
plary complementary dimerization selectivity modules are
described herein.

As used herein, the term “engineered cavity” refers to the
substitution of at least one of the original amino acid
residues 1n the C,3 antibody constant domain with a dif-
ferent amino acid residue having a smaller side chain
volume than the original amino acid residue, thus creating a
three dimensional cavity i the C,3 antibody constant
domain. The term “original amino acid residue” refers to a
naturally occurring amino acid residue encoded by the
genetic code of a wild-type C,,3 antibody constant domain.

As used herein, the term “engineered protuberance” refers
to the substitution of at least one of the original amino acid
residues 1n the C,3 antibody constant domain with a dif-
ferent amino acid residue having a larger side chain volume
than the original amino acid residue, thus creating a three
dimensional protuberance i the C.3 antibody constant
domain. The term “original amino acid residues™ refers to
naturally occurring amino acid residues encoded by the
genetic code of a wild-type C,,3 antibody constant domain.

As used herein, the term “protuberance-into-cavity pair”
describes an Fc¢ domain including two Fc¢ domain mono-
mers, wherein the first Fc domain monomer includes an
engineered cavity i 1ts C,3 antibody constant domain,
while the second Fc domain monomer includes an engi-
neered protuberance 1n 1ts C,,3 antibody constant domain. In
a protuberance-into-cavity pair, the engineered protuberance
in the C,3 antibody constant domain of the first Fc domain
monomer 1s positioned such that it interacts with the engi-
neered cavity of the C,3 antibody constant domain of the
second F¢ domain monomer without significantly perturbing
the normal association of the dimer at the inter-C,,3 antibody
constant domain 1nterface.

As used herein, the term “joined™ 1s used to describe the
combination or attachment of two or more elements, com-
ponents, or protein domains, €.g., polypeptides, by means
including chemical conjugation, recombinant means, and
chemical bonds, e.g., disulfide bonds and amide bonds. For
example, two single polypeptides can be joined to form one
contiguous protein structure through chemical conjugation,
a chemical bond, a peptide linker, or any other means of
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covalent linkage. In some embodiments, a first Fc domain
monomer 1s joined to a second Fc domain monomer by way
of a peptide linker, wherein the N-terminus of the peptide
linker 1s joined to the C-terminus of the first Fc domain
monomer through a chemical bond, e.g., a peptide bond, and
the C-terminus of the peptide linker 1s joined to the N-ter-
minus of the second Fc domain monomer through a chemi-
cal bond, e.g., a peptide bond. In other embodiments, the
N-terminus of an albumin-binding peptide 1s joined to the
C-terminus of the C,3 antibody constant domain of an Fc
domain monomer by way of a linker 1n the same fashion as
mentioned above.

As used herein, the term “associated” 1s used to describe
the 1nteraction, e.g., hydrogen bonding, hydrophobic inter-
action, or 1onic 1nteraction, between polypeptides (or
sequences within one single polypeptide) such that the
polypeptides (or sequences within one single polypeptide)
are positioned to form an Fc construct that has at least one
Fc domain. For example, two polypeptides, each including
one Fc domain monomer, can associate to form an Fc
construct (e.g., as depicted 1n FIGS. 1-3). In some embodi-
ments, three polypeptides, e.g., one polypeptide including
two Fc domain monomers and two polypeptides each
including one F¢ domain monomer, associate to form an Fc
construct that has two Fc domains (e.g., as 1s shown in FIGS.
4 and 6). In some embodiments, four polypeptides, e.g., two
polypeptides each including two F¢ domain monomers and
two polypeptides each including one Fc domain monomer,
associate to form an Fc¢ construct that has three F¢ domains
(e.g., as depicted 1 FIG. 5). In other embodiments, 2n
polypeptides, e.g., each polypeptide including an Fc domain
monomer, an IgG C, antibody constant domain, and an IgG
C,,1 antibody constant domain associate to form an Fc
construct that has n Fc domains (as 1s depicted 1in FIG. 7B).
The two polypeptides can associate through their respective
Fc domain monomers, or through other components of the
polypeptide. For example, in FIG. 7B, polypeptide 708
associates with polypeptide 706 through 1its Fc¢ domain
monomer and associates with polypeptide 710 through asso-
ciation of 1ts C, domain associating with the C,,1 domain of
polypeptide 710. The association between polypeptides does
not include covalent interactions. For example, in FIG. 10,
Fc¢ monomer sequences 1014 and 1012 within a single
polypeptide associate to form an Fc domain, as do Fc
monomer sequences 1004 and 1006.

As used herein, the term “linker” refers to a linkage
between two elements, e.g., protein domains. A linker can be
a covalent bond or a spacer. The term “bond” refers to a
chemical bond, e.g., an amide bond or a disulfide bond, or
any kind of bond created from a chemical reaction, e.g.,
chemical conjugation. The term “spacer’” refers to a moiety
(e.g., a polyethylene glycol (PEG) polymer) or an amino
acid sequence (e.g., a 3-200 amino acid, 3-150 amino acid,
or 3-100 amino acid sequence) occurring between two
polypeptides or polypeptide domains to provide space and/
or flexibility between the two polypeptides or polypeptide
domains. An amino acid spacer 1s part of the primary
sequence of a polypeptide (e.g., joined to the spaced poly-
peptides or polypeptide domains via the polypeptide back-
bone). The formation of disulfide bonds, e.g., between two
hinge regions or two Fc domain monomers that form an Fc
domain, 1s not considered a linker.

As used herein, the term “cleavable linker” refers to a
linker containing one or more elements that can be selec-
tively cleaved, e.g., after a construct 1s formed, e.g., a
cleavable linker includes a polypeptide sequence that can be
selectively cleaved by a protease.
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As used herein, the term “albumin-binding peptide” refers
to an amino acid sequence of 12 to 16 amino acids that has
allinity for and functions to bind serum albumin. An albu-
min-binding peptide can be of different origins, e.g., human,
mouse, or rat. In some embodiments of the present inven-
tion, an albumin-binding peptide 1s fused to the C-terminus
of an Fc domain monomer to increase the serum hali-life of
the Fc construct. An albumin-binding peptide can be fused,
either directly or through a linker, to the N- or C-terminus of
an Fc¢ domain monomer.

As used herein, the term “multimer” refers to a molecule
including at least two associated Fc constructs described
herein.

As used herein, the term “polynucleotide™ refers to an
oligonucleotide, or nucleotide, and fragments or portions
thereot, and to DNA or RNA of genomic or synthetic origin,
which may be single- or double-stranded, and represent the
sense or anti-sense strand. A single polynucleotide 1s trans-
lated 1nto a single polypeptide.

As used herein, the term “polypeptide” describes a single
polymer in which the monomers are amino acid residues
which are joined together through amide bonds. A polypep-
tide 1s intended to encompass any amino acid sequence,
either naturally occurring, recombinant, or synthetically
produced.

As used herein, the term “amino acid positions™ refers to
the position numbers of amino acids 1n a protein or protein
domain. The amino acid positions for antibody or Fc con-
structs are numbered using the Kabat numbering system
(Kabat et al., Sequences of Proteins of Immunological Inter-
est, National Institutes of Health, Bethesda, Md., ed 5,
1991).

As used herein, the term “host cell” refers to a vehicle that
includes the necessary cellular components, e.g., organelles,
needed to express proteins from their corresponding nucleic
acids. The nucleic acids are typically included 1n nucleic
acid vectors that can be introduced into the host cell by
conventional techniques known 1n the art (transformation,
transiection, electroporation, calcium phosphate precipita-
tion, direct microinjection, etc.). A host cell may be a
prokaryotic cell, e.g., a bactenal cell, or a eukaryotic cell,
¢.g., a mammalian cell (e.g., a CHO cell). As described
herein, a host cell 1s used to express one or more polypep-
tides encoding desired domains which can then combine to
form a desired Fc construct.

As used herein, the term “pharmaceutical composition”
refers to a medicinal or pharmaceutical formulation that
contains an active ingredient as well as one or more excipi-
ents and diluents to enable the active ingredient suitable for
the method of administration. The pharmaceutical compo-
sition of the present mvention includes pharmaceutically
acceptable components that are compatible with the Fc
construct. The pharmaceutical composition 1s typically in
aqueous form for intravenous or subcutaneous administra-
tion.

As used herein, a “substantially homogenous population”
of polypeptides or of an Fc construct 1s one 1n which at least
85% of the polypeptides or Fc constructs 1n a composition
(e.g., a pharmaceutical composition) have the same number
of Fc domains and the same Fc¢ domain structure. In various
embodiments, at least 90%, 92%, 95%, 97%, 98%, 99%, or
99.5% of the polypeptides or Fc constructs in the compo-
sition are the same. Accordingly, a pharmaceutical compo-
sition comprising a substantially homogenous population of
an Fc construct 1s one 1 which at least 85% of the Fc
constructs 1n the composition have the same number of Fc
domains and the same structure. A substantially homog-

10

15

20

25

30

35

40

45

50

55

60

65

16

enous population of an Fc construct does not include more
than 10% (e.g., not more than 8%, 5%, 2%, or 1%) multi-
mers or aggregates of the Fc construct.

As used herein, the term “pharmaceutically acceptable
carrier’” refers to an excipient or diluent 1n a pharmaceutical
composition. The pharmaceutically acceptable carrier must
be compatible with the other ingredients of the formulation
and not deleterious to the recipient. In the present invention,
the pharmaceutically acceptable carrier must provide
adequate pharmaceutical stability to the Fc construct. The
nature of the carrier ditiers with the mode of administration.
For example, for oral administration, a solid carrier 1is
preferred; for mtravenous admimistration, an aqueous solu-
tion carrier (e.g., WFI, and/or a bullered solution) 1s gener-
ally used.

As used herein, “therapeutically eflective amount” refers
to an amount, e.g., pharmaceutical dose, effective 1n induc-
ing a desired biological effect 1n a subject or patient or 1n
treating a patient having a condition or disorder described
herein. It 1s also to be understood herein that a “therapeu-
tically eflective amount” may be interpreted as an amount
grving a desired therapeutic eflect, either taken 1n one dose

or in any dosage or route, taken alone or 1n combination with
other therapeutic agents.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an 1illustration of an Fc¢ construct (construct 1)
containing a dimer of two wild-type (wt) Fc domain mono-
mers (102 and 104).

FIG. 2 1s an 1llustration of an Fc construct (construct 2)
containing a dimer of two Fc domain monomers. The first Fc
domain monomer (202) contains a protuberance 1n its C,3
antibody constant domain, while the second Fc domain
monomer (204) contains a cavity in the juxtaposed position
in its C,3 antibody constant domain.

FIG. 3 1s an illustration of another Fc construct (construct
3). This Fc construct contains a dimer of two Fc domain
monomers (302 and 304), wherein both Fc domain mono-
mers contain different charged amino acids at their C,3-C,,3
interface than the wt sequence to promote favorable elec-
trostatic interaction between the two F¢ domain monomers.

FIG. 4 1s an 1illustration of an Fc¢ construct (construct 4)
containing two Fc domains. This construct 1s formed from
three polypeptides. The first polypeptide (402) contains two
wt Fc domain monomers (404 and 406) joined 1n a tandem
series. Each of the second and third polypeptides (408 and
410, respectively) contains a wt Fc domain monomer.

FIG. 5 1s an illustration of an Fc construct (construct 5 or
construct 5*) containing three Fc domains formed from four
polypeptides. The first polypeptide (502) contains one Fc
domain monomer containing different charged amino acids
at the C,,3-C,,3 intertace than the wt sequence (506) joined
in a tandem series with a protuberance-containing Fc
domain monomer (504). The second polypeptide (508)
contains an Fc domain monomer containing different
charged amino acids at the C,3-C,3 interface than the wt
sequence (312) joined 1n a tandem series with another
protuberance-containing Fc¢ domain monomer (510). The
third and fourth polypeptides (514 and 3516, respectively)
cach contain a cavity-containing F¢ domain monomer.

FIG. 6 1s an 1llustration of an Fc construct (construct 6)
containing two Fc domains formed from three polypeptides.
The first polypeptide (602) contains two protuberance-con-
taining Fc domain monomers (604 and 606) joined 1n a
tandem series, while the second and third polypeptides (608
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and 610, respectively) each contain an Fc domain monomer
engineered to contain a corresponding cavity.

FIG. 7A 1s an 1illustration of another Fc construct (con-
struct 7). This Fc construct contains a dimer of two C,-C,,1-
Fc¢ domain monomers (702 and 704). In this embodiment,
the C, antibody constant domains have joined to the adja-
cent C,,1 antibody constant domains.

FIG. 7B 1s an 1llustration of an Fc construct (construct 8)
contaiming multimers of C,-C,1-F¢ domain monomers
(e.g., 706, 708, and 710) containing multiple Fc domains. In
this Fc construct, the constituent polypeptide can be the
same as the constituent polypeptide 1n construct 7. The C,
antibody constant domain of one Fc construct (e.g., 712)
interacts with the C,,1 antibody constant domain of a
second, neighboring Fc construct (e.g., 714).

FIG. 8 1s an 1llustration of an Fc construct (construct 9)
contaiming five Fc domains formed from six polypeptides.
The first and second polypeptides (802 and 810) each
contain three Fc domain monomers (804, 806, 808, and 812,
814, 816, respectively) joimned 1n a tandem series. Specifi-
cally, mmn polypeptide 802 or 810, a first protuberance-
containing Fc domain monomer (804 or 812) 1s connected to
a second Fc¢ domain monomer containing different charged
amino acids at the C,3-C,3 interface than the wt sequence
(806 or 814), which 1s connected to a third protuberance-
containing F¢ domain monomer (808 or 816). The third
through sixth polypeptides (818, 820, 822, and 824) cach
contain a cavity-containing Fc¢ domain monomer and form
an Fc domain with each of Fc domain monomers 804, 808,
812 and 816, respectively.

FIG. 9 1s an illustration of an Fc construct (construct 10)
contaiming five Fc¢ domains formed from six polypeptides.
The first and second polypeptides (902 and 910) each
contain three Fc domain monomers (904, 906, 908, and 912,
914, 916, respectively) joined 1 a tandem series. Specifi-
cally, mm polypeptide 902 or 910, a first protuberance-
containing Fc domain monomer (904 or 912) 1s connected to
a second protuberance-contaiming Fc domain monomer (906
or 914), which 1s connected to a third Fc domain monomer
containing different charged amino acids at the C,3-C.3
interface than the wt sequence (908 or 916). The third
through sixth polypeptides (918, 920, 922, and 924) each
contain a cavity-containing Fc¢ domain monomer and form
an Fc domain with each of Fc domain monomers 904, 906,
912 and 914, respectively.

FI1G. 10 1s an illustration of an Fc construct (construct 11)
containing three Fc domains formed from two polypeptides
of identical sequence.

The two polypeptides (1002 and
1010) each contain three Fc domain monomers (1004, 1006,
1008, and 1012, 1014, 1016, respectively) jomned 1mn a
tandem series. Specifically, each polypeptide contains a first
protuberance-containing Fc¢ domain monomer (1004 or
1012) connected to a second cavity-containing F¢ domain
monomer (1006 or 1014), which 1s connected to a third Fc
domain monomer with different charged amino acids at the
C3-C.3 interface than the wt sequence (1008, or 1016). Fc
domain monomers 1008 and 1016 associate to form a first Fc
domain; Fc domain monomers 1004 and 1006 associate to
form a second Fc domain; and Fc domain monomers 1012
and 1014 associate to form a third F¢ domain. Construct 11
can be formed from expression ol a single polypeptide
sequence 1n a host cell.

FIGS. 11A-11B show reducing and non-reducing SDS-
PAGE of construct 4, respectively.

FIGS. 12A-12B show reducing and non-reducing SDS-

PAGE of construct 6, respectively.
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FIG. 13 1s an SDS-PAGE of construct 5 and a table
showing the percentages of the expressed protein having

three F¢ domains (trimer), two Fc domains (dimer), or one
Fc¢ domain (monomer) before and after construct 5 purifi-
cation.

FIGS. 14A and 14B show THP-1 monocyte activation
(FIG. 14A) and blocking (FIG. 14B) assays using constructs
1, 5, and 6.

FIG. 15 shows eflects of IVIG and constructs 5 and 6 1n
a K/BxN model of rheumatoid arthritis.

FIG. 16 shows eflects of IVIG and constructs 5 and 6 1n
a chronic I'TP model.

FIG. 17 shows inhibition of phagocytosis by IVIg or
Construct 5 in THP-1 monocytic cells.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Therapeutic proteins that include Fc domains of IgGG can
be used to treat inflammation and immunological and
inflammatory diseases. The present mnvention features coms-
positions and methods for preparing various Fc constructs
containing two or more (e.g., 2-10) Fc domains.

I. Fc Domain Monomers

An Fc domain monomer includes a hinge domain, a C,,2
antibody constant domain, and a C,3 antibody constant
domain. The Fc domain monomer can be of immunoglobu-
lin antibody 1sotype IgG, IgE, IgM, IgA, or IgD. The Fc
domain monomer may also be of any immunoglobulin
antibody 1sotype (e.g., IgG1, IgG2a, 1gG2b, 1gG3, or 1gG4).
A dimer of Fc domain monomers 1s an Fc domain (further
defined herein) that can bind to an Fc receptor, e.g.,
FcyRIIla, which 1s a receptor located on the surface of
leukocytes. In the present invention, the C.3 antibody
constant domain of an Fc¢ domain monomer may contain
amino acid substitutions at the interface of the C.3-C.3
antibody constant domains to promote their association with
each other. In some embodiments, an F¢c domain monomer
includes two other constant domains, e.g., C, and C,l
antibody constant domains, attached to the N-terminus (FIG.
7). In other embodiments, an Fc domain monomer includes
an additional moiety, e.g., an albumin-binding peptide,
attached to the C-terminus. In the present mnvention, an Fc
domain monomer does not contain any type ol antibody
variable region, e.g., V, V., a complementarity determin-
ing region (CDR), or a hypervariable region (HVR).

II. Fc Domains

As defined herein, an Fc domain includes two Fc domain
monomers that are dimerized by the interaction between the
C;3 antibody constant domains. In the present invention, an
Fc¢ domain does not include a variable region of an antibody,
e.g., Vo4 V., CDR, or HVR. An Fc domain forms the
minimum structure that binds to an Fc receptor, e.g., FcyRI,
FcyRlIla, FeyRIIb, FeyRIIla, FeyRIIIb, FcyRIV.

II1I. Dimerization Selectivity Modules

In the present invention, a dimerization selectivity module
1s the part of the Fc domain monomer that facilitates the
preferred pairing of two Fc domain monomers to form an Fc
domain. Specifically, a dimerization selectivity module 1s
that part of the C,3 antibody constant domain of an Fc
domain monomer which includes amino acid substitutions
positioned at the interface between interacting C,,3 antibody
constant domains of two Fc monomers. In a dimerization
selectivity module, the amino acid substitutions make favor-
able the dimenization of the two C,3 antibody constant
domains as a result of the compatibility of amino acids
chosen for those substitutions. The ultimate formation of the
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tavored Fc domain 1s selective over other Fc domains which
form from Fc¢ domain monomers lacking dimerization selec-
tivity modules or with incompatible amino acid substitutions
in the dimerization selectivity modules. This type of amino
acid substitution can be made using conventional molecular
cloning techmiques well-known 1 the art, such as
QuikChange® mutagenesis.

In some embodiments, a dimerization selectivity module
includes an engineered cavity (described further herein) 1n
the C,3 antibody constant domain. In other embodiments, a
dimerization selectivity module includes an engineered pro-
tuberance (described further herein) in the C,3 antibody
constant domain. To selectively form an Fc domain, two Fc
domain monomers with compatible dimerization selectivity
modules, e.g., one C,3 antibody constant domain containing,
an engineered cavity and the other C,3 antibody constant
domain contaiming an engineered protuberance, combine to

form a protuberance-into-cavity pair of Fc domain mono-
mers.

In other embodiments, an Fc¢ domain monomer with a
dimerization selectivity module containing positively-
charged amino acid substitutions and an Fc domain mono-
mer with a dimerization selectivity module containing nega-
tively-charged amino acid substitutions may selectively
combine to form an Fc domain through the favorable
clectrostatic steering (described further heremn) of the
charged amino acids. Specific dimerization selectivity mod-
ules are further listed, without limitation, in Tables 1 and 2

described further below.
In other embodiments, two Fc domain monomers include
dimerization selectivity modules containing identical

reverse charge mutations 1n at least two positions within the
ring of charged residues at the interface between C.3
domains. By reversing the charge of both members of two or
more complementary pairs of residues 1n the two Fc domain
monomers, mutated F¢c domain monomers remain comple-
mentary to Fc domain monomers of the same mutated
sequence, but have a lower complementarity to Fc¢ domain
monomers without those mutations. In one embodiment, an

F¢ domain includes Fc monomers including the double
mutants K409D/D399K, K392D/D399K, E357K/K370E,

D356K/K439D, K409E/D399K, K392E/D399K, E357K/
K370D, or D356K/K439E. In another embodiment, an Fc
domain includes Fc monomers including quadruple mutants
combining any pair of the double mutants, e.g., K409/
D399K/E357K/K370E.

The formation of such Fc domains 1s promoted by the
compatible amino acid substitutions in the C,3 antibody
constant domains. Two dimerization selectivity modules
containing incompatible amino acid substitutions, e.g., both
containing engineered cavities, both containing engineered
protuberances, or both containing the same charged amino
acids at the C,3-C,3 interface, will not promote the for-
mation of an Fc domain.

Furthermore, other methods used to promote the forma-
tion of Fc domains with defined Fc¢ domain monomers
include, without limitation, the LUZ-Y approach (U.S. Pat-
ent Application Publication No. W02011034605) which
includes C-terminal fusion of a monomer c-helices of a
leucine zipper to each of the Fc domain monomers to allow
heterodimer formation, as well as strand-exchange engi-
neered domain (SEED) body approach (Davis et al., Protein
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Eng Des Sel. 23:195-202, 2010) that generates Fc domain

with heterodimeric Fc domain monomers each including
alternating segments of IgA and IgG C,,3 sequences.

IV. Engineered Cavities and Engineered Protuberances
The use of engineered cavities and engineered protuber-

ances (or the “knob-into-hole” strategy) 1s described by

Carter and co-workers (Ridgway et al., Protein Eng. 9:617-

612, 1996; Atwell et al., J Mol Biol. 270:26-35, 1997;
Merchant et al., Nat Biotechnol 16:677-681, 1998). The
knob and hole interaction favors heterodimer formation,

whereas the knob-knob and the hole-hole interaction hinder
homodimer formation due to steric clash and deletion of
favorable interactions. The “knob-into-hole” technique 1is

also disclosed 1n U.S. Pat. No. 5,731,168.
In the present invention, engineered cavities and engi-

neered protuberances are used 1n the preparation of the Fc
constructs described herein. An engineered cavity 1s a void
that 1s created when an original amino acid 1n a protein 1s
replaced with a different amino acid having a smaller
side-chain volume. An engineered protuberance 1s a bump
that 1s created when an original amino acid 1n a protein 1s
replaced with a diflerent amino acid having a larger side-
chain volume. Specifically, the amino acid being replaced 1s
in the C,3 antibody constant domain of an Fc¢ domain
monomer and 1s involved in the dimerization of two Fc
domain monomers. In some embodiments, an engineered
cavity 1 one C,3 antibody constant domain 1s created to
accommodate an engineered protuberance 1n another C,3

antibody constant domain, such that both C,3 antibody
constant domains act as dimerization selectivity modules
(described above) that promote or favor the dimerization of
the two Fc domain monomers. In other embodiments, an
engineered cavity in one C,3 antibody constant domain 1s
created to better accommodate an original amino acid 1n
another C,,3 antibody constant domain. In yet other embodi-
ments, an engineered protuberance in one C,3 antibody
constant domain 1s created to form additional interactions
with original amino acids i another C,3 antibody constant
domain.

An engineered cavity can be constructed by replacing
amino acids contaiming larger side chains such as tyrosine or
tryptophan with amino acids containing smaller side chains

such as alanine, valine, or threonine. Specifically, some
dimerization selectivity modules (described further above)
contain engineered cavities such as Y407V mutation 1n the
C,3 antibody constant domain. Similarly, an engineered
protuberance can be constructed by replacing amino acids
containing smaller side chains with amino acids containing
larger side chains. Specifically, some dimerization selectiv-
ity modules (described further above) contain engineered
protuberances such as T366 W mutation 1n the C,3 antibody
constant domain. In the present invention, engineered cavi-
ties and engineered protuberances are also combined with
inter-C,,3 domain disulfide bond engineering to enhance
heterodimer formation. Specifically, the cavity Fc contains
an Y349C mutation, and the protuberance Fc contains an
S354C mutation. Other engineered cavities and engineered
protuberances, in combination with either disulfide bond
engineering or structural calculations (mixed HA-TF) are
included, without limitation, in Table 1.
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TABLE 1
CH; antibody CH; antibody
constant domain of constant domain of
Strategy Fc domain monomer 1 Fc domain monomer 2 Reference
Engineered cavities and protuberances Y407T T366Y U.S. Pat. No. 8,216,805
(“knob-into-hole™)

Y407A T366W U.S. Pat. No. 8,216,805
F405A T394W U.S. Pat. No. 8,216,805
Y407T T366Y U.S. Pat. No. 8,216,805
139485 F405W U.S. Pat. No. 8,216,805
T394W:Y407T T366Y:F405A U.S. Pat. No. 8,216,805
T3945:Y407A T366W:F406W U.S. Pat. No. 8,216,805
T366W:T3948 FA05W:Y407A U.S. Pat. No. 8,216,805
Engineered cavities and protuberances T366S:L368A:Y407V:Y349C T366W:S354C Zeidler et al., J Immunol,

(“knob-into-hole’). S-S engineering

Mixed HA-TF S364H:F405A

Replacing an original amino acid residue in the C,3
antibody constant domain with a different amino acid resi-
due can be achieved by altering the nucleic acid encoding
the original amino acid residue. The upper limit for the
number of original amino acid residues that can be replaced
1s the total number of residues in the intertace of the C,3
antibody constant domains, given that suflicient interaction
at the interface 1s still maintained.

V. Electrostatic Steering,

Electrostatic steering 1s the utilization of favorable elec-
trostatic 1interactions between oppositely charged amino
acids 1n peptides, protein domains, and proteins to control
the formation of higher ordered protein molecules. A method
of using electrostatic steering eflects to alter the interaction
of antibody domains to reduce for formation of homodimer
in favor of heterodimer formation in the generation of
bi-speciific antibodies 1s disclosed 1 U.S. Patent Application
Publication No. 2014-0024111.

In the present invention, electrostatic steering 1s used to
control the dimerization of Fc domain monomers and the
formation of Fc constructs. In particular, to control the
dimerization of Fc domain monomers using electrostatic
steering, one or more amino acid residues that make up the
C,3-C.3 mterface are replaced with positively- or nega-
tively-charged amino acid residues such that the interaction
becomes electrostatically favorable or unfavorable depend-
ing on the specific charged amino acids mtroduced. In some
embodiments, a positively-charged amino acid in the inter-
face, such as lysine, arginine, or histidine, 1s replaced with
a negatively-charged amino acid such as aspartic acid or
glutamic acid. In other embodiments, a negatively-charged
amino acid in the interface 1s replaced with a positively-
charged amino acid. The charged amino acids may be
introduced to one of the interacting C,3 antibody constant
domains, or both. By introducing charged amino acids to the
interacting C,3 antibody constant domains, dimerization
selectivity modules (described further above) are created
that can selectively form dimers of Fc domain monomers as
controlled by the electrostatic steering eflects resulting from
the 1nteraction between charged amino acids.

In one particular example, to create a dimerization selec-
tivity module including reversed charges, amino acid
Asp399 1 the C,3 antibody constant domain 1s replaced
with Lys, and amino acid Lys409 1s replaced with Asp.
Heterodimerization of Fc domain monomers can be pro-
moted by introducing different, but compatible, mutations in
the two Fc domain monomers, such as the charge residue
pairs included, without limitation, 1 Table 2, Homodi-
merization of F¢ domain monomers can be promoted by
introducing the same mutations in both Fc domain mono-
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WO2006106905

mers 1 a symmetric fashion, such as the double mutants
K409D/D399K or K392D/D399K.

TABLE 2

CH; antibody constant CHj; antibody constant
domain of F¢c domain domain of F¢ domain

monomer 1 monomer 2 Reference
K409D D399K U.S. Pat. No.
2014/0024111
K409D D399R U.S. Pat. No.
2014/0024111
K409F D399K U.S. Pat. No.
2014/0024111
K409F D399R U.S. Pat. No.
2014/0024111
K392D D399K U.S. Pat. No.
2014/0024111
K392D D399R U.S. Pat. No.
2014/0024111
K392F D399K U.S. Pat. No.
2014/0024111
K392F D399R U.S. Pat. No.
2014/0024111
K409D:K392D D399K:E3536K Gunasekaran et al., J

Biol Chem. 285:19637-
46, 2010
Martens et al.,

Clin Cancer Res.
12:6144-52, 2006

K370E:K409D:K439E E356K:E357K:D399K

V1. Linkers

In the present invention, a linker 1s used to describe a
linkage or connection between polypeptides or protein
domains and/or associated non-protein moieties. In some
embodiments, a linker 1s a linkage or connection between at
least two Fc domain monomers, for which the linker con-
nects the C-terminus of the C,3 antibody constant domain
of a first Fc domain monomer to the N-terminus of the hinge
domain of a second Fc domain monomer, such that the two
Fc¢ domain monomers are joined to each other in tandem
series. In other embodiments, a linker 1s a linkage between
an Fc domain monomer and any other protein domains that
are attached to 1t. For example, a linker can attach the
C-terminus of the C,3 antibody constant domain of an Fc¢
domain monomer to the N-terminus of an albumin-binding
peptide. In another example, a linker can connect the C-ter-
minus of a C,,1 antibody constant domain to the N-terminus
of the hinge domain of an F¢ domain monomer. In yet other
embodiments, a linker can connect two 1ndividual protein
domains (not including an Fc¢ domain), for example, the
C-terminus of a C, antibody constant domain can be
attached to the N-terminus of a C,1 antibody constant

domain by way of a linker.
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A lhinker can be a simple covalent bond, e.g., a peptide
bond, a synthetic polymer, e.g., a polyethylene glycol (PEG)
polymer, or any kind of bond created from a chemical
reaction, €.g. chemical conjugation. In the case that a linker
1s a peptide bond, the carboxylic acid group at the C-termi-
nus of one protein domain can react with the amino group at
the N-terminus of another protein domain 1n a condensation
reaction to form a peptide bond. Specifically, the peptide
bond can be formed from synthetic means through a con-
ventional organic chemistry reaction well-known 1n the art,
or by natural production from a host cell, wherein a poly-
nucleotide sequence encoding the DNA sequences of both
proteins, €.g., two Fc domain monomer, in tandem series can
be directly transcribed and translated into a contiguous
polypeptide encoding both proteins by the necessary
molecular machinernies, e.g., DNA polymerase and ribo-
some, 1n the host cell.

In the case that a linker 1s a synthetic polymer, ¢.g., a PEG
polymer, the polymer can be functionalized with reactive
chemical functional groups at each end to react with the
terminal amino acids at the connecting ends of two proteins.

In the case that a linker (except peptide bond mentioned
above) 1s made from a chemical reaction, chemical func-
tional groups, e.g., amine, carboxylic acid, ester, azide, or
other functional groups commonly used in the art, can be
attached synthetically to the C-terminus of one protein and
the N-terminus of another protein, respectively. The two
functional groups can then react to through synthetic chem-
1stry means to form a chemical bond, thus connecting the
two proteins together. Such chemical conjugation proce-
dures are routine for those skilled in the art.

Spacer

In the present invention, a linker between two Fc domain
monomers can be an amino acid spacer including 3-200
amino acids. Suitable peptide spacers are known 1n the art,
and include, for example, peptide linkers containing flexible
amino acid residues such as glycine and serine. In certain
embodiments, a spacer can contain motifs, e.g., multiple or
repeating motifs, of GS, GGS, GGGGS (SEQ ID NO: 1),
GGSG (SEQ ID NO: 2), or SGGG (SEQ ID NO: 3). In
certain embodiments, a spacer can contain 2 to 12 amino
acids including motifs of GS, e.g., GS, GSGS (SEQ ID NO:
4), GSGSGS (SEQ ID NO: 3), GSGSGSGS (SEQ ID NO:
6), GSGSGSGSGS (SEQ ID NO: 7), or GSGSGSGSGSGS
(SEQ ID NO: 8). In certain other embodiments, a spacer can

contain 3 to 12 amino acids including motifs of GGS, e.g.,
GGS, GGSGGS (SEQ ID NO: 9), GGSGGSGGS (SEQ ID

NO: 10), and GGSGGSGGSGGS (SEQ ID NO: 11). In yet
other embodiments, a spacer can contain 4 to 12 amino acids
including motifs of GGSG (SEQ ID NO: 12), e.g., GGSG
(SEQ ID NO: 13), GGSGGGSG (SEQ ID NO: 14), or
GGSGGGESGGGSG (SEQ ID NO: 15). In other embodi-
ments, a spacer can contain motifs of GGGGS (SEQ ID NO:
16), e.g., GGGGSGGGGSGGGGS (SEQ ID NO: 17). In
other embodiments, a spacer can also contain amino acids
other than glycine and serine, e.g., GENLYFQSGG (SEQ ID
NO: 18), SACYCELS (SEQ ID NO: 19), RSIAT (SEQ ID
NO: 20), RPACKIPNDLKQKVMNH (SEQ ID NO: 21),
GGSAGGSGSGSSGGSSGASGTGTAGGTGSGSGTGSG

(SEQ ID NO: 22), AAANSSIDLISVPVDSR (SEQ ID NO:
23), or
GGSGGGSEGGGSEGGGSEGGGSEGGGSEGGGSGGGS
(SEQ ID NO: 24). In certain embodiments in the present
invention, a 12- or 20-amino acid peptide spacer 1s used to
connect two F¢ domain monomers in tandem series (FIGS.
4-6), the 12- and 20-amino acid peptide spacers consisting

of sequences GGGSGGGSGGGS (SEQ ID NO: 25) and
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SGGGESGEGEGESGGEGESGEESGGG (SEQ 1D NO:  26),
respectively. In other embodiments, an 18-amino acid pep-
tide spacer consisting of sequence
GGSGGGSGGEGESGGEGESGGS (SEQ ID NO: 27) 1s used to
connect C, and C,1 antibody constant domains (FIG.
TA-TB).

VII. Serum Protein-Binding Peptides

Binding to serum protein peptides can improve the phar-
macokinetics of protein pharmaceuticals, and 1n particular
the Fc constructs described here may be fused with serum
protein-binding peptides

As one example, albumin-binding peptides that can be
used in the methods and compositions described here are
generally known 1n the art. In one embodiment, the albumin
binding peptide includes the sequence DICLPRWGCLW
(SEQ ID NO: 28)

In the present mvention, albumin-binding peptides may
be attached to the N- or C-terminus of certain polypeptides
in the Fc construct. In one embodiment, an albumin-binding
peptide may be attached to the C-terminus of one or more
polypeptides 1n constructs 1, 2, 3, or 7A (FIGS. 1, 2, 3, and
7A, respectively). In another embodiment, an albumin-
binding peptide can be fused to the C-terminus of the
polypeptide encoding two Fc domain monomers linked in
tandem series 1n constructs 4, 5, and 6 (FIGS. 4, 5, and 6,
respectively). In yet another embodiment, an albumin-bind-
ing peptide can be attached to the C-terminus of Fc domain
monomer which 1s joined to the second F¢ domain monomer
in the polypeptide encoding the two Fc domain monomers
linked 1n tandem series, as shown in constructs 4 and 6
(FIGS. 4 and 6, respectively). Albumin-binding peptides can
be fused genetically to Fc constructs or attached to Fc
constructs through chemical means, ¢.g., chemical conjuga-
tion. If desired, a spacer can be inserted between the Fc
construct and the albumin-binding peptide. Without being
bound to a theory, it 1s expected that inclusion of an
albumin-binding peptide 1n an Fc construct of the mnvention
may lead to prolonged retention of the therapeutic protein
through 1ts binding to serum albumin.

VIII. Fc Constructs

In general, the invention features Fc constructs having
2-10 Fc domains. These may have greater binding aflinity
and/or avidity than a single wild-type F¢ domain for an Fc
receptor, e.g., FcyRIIla. The invention discloses methods of
engineering amino acids at the interface of two interacting
C,3 antibody constant domains such that the two Fc domain
monomers ol an Fc domain selectively form a dimer with
cach other, thus preventing the formation of unwanted
multimers or aggregates. An Fc construct includes an even
number of Fc domain monomers, with each pair of Fc
domain monomers forming an Fc domain. An Fc construct
includes, at a minimum, one functional Fc¢c domain formed
from a dimer of two Fc domain monomers.

In some embodiments, an Fc construct contains one Fc
domain including a dimer of two Fc¢ domain monomers
(FIGS. 1-3 and 7A). The interacting C,,3 antibody constant
domains may be unmodified (FIG. 1) or may contain amino
acid substitutions at their interface. Specifically, the amino
acid substitutions can be engineered cavities (FI1G. 2), engi-
neered protuberances (FIG. 2), or charged amino acids (FIG.
3).

In other embodiments, an Fc construct contains two Fc
domains (FIGS. 4 and 6) formed from three polypeptides.
The first polypeptide contains two Fc domain monomers
joined 1n tandem series joined by way of a linker, and the
second and third polypeptides contain one F¢ domain mono-
mer. The second and third polypeptides may be the same
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polypeptide or may be different polypeptides. FIG. 4 depicts
an example of such an Fc construct. The first polypeptide
contains two wild-type Fc domain monomers joined 1n
tandem series by way of a linker, and the second and third
polypeptides each contain one wild-type Fc domain mono-
mer. One of the Fc domain monomers in the first polypeptide
forms a first Fc domain with the second polypeptide, while
the other Fc domain monomer 1n the first polypeptide forms
a second Fc domain with the third polypeptide. The second
and third polypeptides are not attached or linked to each
other. FIG. 6 depicts a similar Fc construct to that of FIG. 4.
In FIG. 6, the Fc domain monomers 1n the first polypeptide
both contain engineered protuberances in the C,3 antibody
constant domains, while the second and third polypeptides
contain engineered cavities in the C,3 antibody constant
domains. The engineered protuberance-into-cavity C,3-
C,3 terface favors the formation of heterodimers of Fc
domain monomers and prevents the uncontrolled formation
of unwanted multimers. As described further herein, in
Example 4, dimerization selectivity modules including engi-
neered C,3 antibody constant domains prevent the forma-
tion ol unwanted multimers that are seen in Example 3,
which describes Fc¢ construct formation from Fc¢ domain
monomers lacking dimerization selectivity modules.

Furthermore, 1n other embodiments, an Fc construct can
contain three Fc¢ domains formed from four polypeptides
(FIG. 5). The first and second polypeptides can be the same
or different, as can the third and fourth polypeptides. In this
example, the first and second polypeptides both encode two
F¢ domain monomers connected by way of a linker 1n
tandem series, wherein one Fc domain monomer contains
charged amino acid substitutions 1n the C,3 antibody con-
stant domain while the other Fc domain monomer contains
a protuberance i the C,3 antibody constant domain. The
third and fourth polypeptides both encode an Fc domain
monomer with a cavity. The first and second polypeptides
form a first Fc domain with each other through interaction of
the reverse charges in their C,,3 antibody constant domains.
The second and third Fc domains are formed from protu-
berance-into-cavity interactions between the protuberances
in the first and second polypeptides and the cavities in the
third and fourth polypeptides. Each F¢ domain monomer in
this Fc construct contains a dimerization selectivity module
which promotes the formation of specific Fc domains.

In yet other embodiments, a single polypeptide can form
dimers (e.g., construct 7A; FIG. 7A) or multimers (e.g.,
construct 7B; FIG. 7B), not through interaction between
C,3 antibody constant domains, but through interaction
between C, constant domains and C,,1 constant domains.
FIG. 7B depicts an Fc construct containing multiple Fc
domains 1n which the C, domain of one Fc domain interacts
with the C,,1 domain of a neighboring F¢ domain.

In yet other embodiments, Fc¢ constructs can contain five
Fc¢ domains formed from six polypeptides. Two examples
are depicted 1n FIGS. 8 and 9. While these depicted Fc
constructs are comprised of six polypeptides, four of the
polypeptides can be encoded by the same nucleic acid, and
the remaining two polypeptides can also be encoded by the
same nucleic acid. As a result, these Fc constructs can be
produced by the expression of two nucleic acids 1n a suitable
host cell.

In another embodiment, an Fc construct containing two or
more Fc domains can be formed from two polypeptides
having the same primary sequence. Such a construct can be
formed from expression of a single polypeptide sequence 1n
a host cell. An example 1s depicted in FIG. 10. In this
example, a single nucleic acid 1s suflicient to encode an Fc
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construct contaiming three Fc domains. Two Fc domain
monomers that are part of the same polypeptide are permit-
ted to form an Fc domain by the inclusion of a flexible linker
ol a suili

icient length and flexibility; this linker may be a
cleavable linker. This same polypeptide also contains a third
Fc domain monomer joined by way of an optional flexible
linker. This third Fc domain monomer 1s capable of joining
to another Fc domain monomer to produce the Y-shaped Fc
construct depicted 1n FIG. 10. Formation of F¢ domains can
be controlled through the use of dimerization selectivity
modules, as 1s also depicted 1n FIG. 10.
IX. Host Cells and Protein Production

In the present invention, a host cell refers to a vehicle that
includes the necessary cellular components, e.g., organelles,
needed to express the polypeptides and constructs described
herein from their corresponding nucleic acids. The nucleic
acids may be included 1n nucleic acid vectors that can be
introduced into the host cell by conventional techniques
known 1n the art (transformation, transiection, electropora-
tion, calctum phosphate precipitation, direct microinjection,
etc.). Host cells can be of either mammalian or bacterial

origin. Mammalian host cells include, but are not limited to,
CHO (or CHO-derived cell strains, e.g., CHO-K1, CHO-

DXB11 CHO-DG44), murine host cells (e.g., NSO, Sp2/0)
VERY, HEK (e.g., HEK293), BHK, HelLa, COS, MDCK,
293, 3T3, W138, BT483, Hs578T, HTB2, BT20 and T47D,
CRL7030 and HsS78Bst cells. Host cells can also be
chosen that modulate the expression of the protein con-
structs, or modily and process the protein product in the
specific fashion desired. Diflerent host cells have character-
istic and specific mechanisms for the post-translational
processing and modification of protein products. Appropri-
ate cell lines or host systems can be chosen to ensure the
correct modification and processing of the protein
expressed.

For expression and secretion of protein products from
their corresponding DNA plasmid constructs, host cells may
be transfected or transformed with DNA controlled by
appropriate expression control elements known 1n the art,
including promoter, enhancer, sequences, transcription ter-
minators, polyadenylation sites, and selectable markers.
Methods for expression of therapeutic proteins are known 1n
the art. See, for example, Paulina Balbas, Argelia Lorence
(eds.) Recombinant Gene Expression: Reviews and Proto-
cols (Methods in Molecular Biology), Humana Press; 2nd
ed. 2004 edition (Jul. 20, 2004); Vladimir Voynov and Justin
A. Caravella (eds.) Therapeutic Proteins: Methods and

Protocols (Methods in Molecular Biology) Humana Press;
2nd ed. 2012 edition (Jun. 28, 2012).

X. Purification

An Fc construct can be purified by any method known 1n
the art of protein purification, for example, by chromatog-
raphy (e.g., 1on exchange, athnity (e.g., Protein A athinity),
and size-exclusion column chromatography), centrifugation,
differential solubility, or by any other standard technique for
the purification of proteins. For example, an Fc construct can
be 1solated and purified by appropnately selecting and
combining athnity columns such as Protein A column with
chromatography columns, filtration, ultra filtration, salting-

out and dialysis procedures (see, e.g., Process Scale Purifi-
cation of Antibodies, Uwe Gottschalk (ed.) John Wiley &

Sons, Inc., 2009; and Subramanian (ed.) Antibodies—Vol-
ume I—Production and Purification, Kluwer Academic/
Plenum Publishers, New York (2004)). In some instances, an
Fc¢ construct can be conjugated to marker sequences, such as
a peptide to facilitate purification. An example of a marker
amino acid sequence 1s a hexa-histidine peptide, which
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binds to nickel-functionalized agarose athnity column with
micromolar athinity. Other peptide tags usetful for purifica-
tion include, but are not limited to, the hemagglutimin “HA”
tag, which corresponds to an epitope derived from the
influenza hemagglutinin protein (Wilson et al., 1984, Cell
37:767).

For the Fc constructs, Protein A column chromatography
may be employed as a purification process. Protein A ligands
interact with Fc constructs through the Fc region, making
Protein A chromatography a highly selective capture process
that 1s able to remove most of the host cell proteins. In the
present invention, Fc¢ constructs may be purified using
Protein A column chromatography as described in Example
2.

XI. Pharmaceutical Compositions/Preparations

The invention features pharmaceutical compositions that
include one or more Fc constructs described herein. In one
embodiment, a pharmaceutical composition includes a sub-
stantially homogenous population of Fc constructs that are
identical or substantially identical in structure. In various
examples, the pharmaceutical composition 1includes a sub-
stantially homogenous population of any one of constructs
1-10 and 5%.

A therapeutic protein construct, e.g., an Fc construct, of
the present invention can be incorporated into a pharmaceu-
tical composition. Pharmaceutical compositions including,
therapeutic proteins can be formulated by methods know to
those skilled 1n the art. The pharmaceutical composition can
be administered parenterally in the form of an injectable
formulation including a sterile solution or suspension 1n
water or another pharmaceutically acceptable liquid. For
example, the pharmaceutical composition can be formulated
by suitably combining the Fc construct with pharmaceuti-
cally acceptable vehicles or media, such as sterile water for
injection (WFI), physiological saline, emulsifier, suspension
agent, surfactant, stabilizer, diluent, binder, excipient, fol-
lowed by mixing 1n a unit dose form required for generally
accepted pharmaceutical practices. The amount of active
ingredient included in the pharmaceutical preparations 1is
such that a suitable dose within the designated range 1s
provided.

The sterile composition for 1njection can be formulated 1n
accordance with conventional pharmaceutical practices
using distilled water for 1njection as a vehicle. For example,
physiological saline or an 1sotonic solution containing glu-
cose and other supplements such as D-sorbitol, D-mannose,
D-mannitol, and sodium chloride may be used as an aqueous
solution for injection, optionally in combination with a
suitable solubilizing agent, for example, alcohol such as
cthanol and polyalcohol such as propylene glycol or poly-
cthylene glycol, and a nomionic surfactant such as polysor-
bate 80™, HCO-50, and the like commonly known 1n the
art. Formulation methods for therapeutic protein products
are known in the art, see e¢.g., Banga (ed.) Therapeutic
Peptides and Proteins: Formulation, Processing and Deliv-
ery Systems (2d ed.) Taylor & Francis Group, CRC Press
(2006).

XII. Dosage

The pharmaceutical compositions are administered 1n a
manner compatible with the dosage formulation and in such
amount as 1s therapeutically eflective to result 1n an
improvement or remediation of the symptoms. The pharma-
ceutical compositions are administered 1n a variety of dos-
age forms, e.g., mtravenous dosage forms, subcutaneous
dosage forms, oral dosage forms such as ingestible solu-
tions, drug release capsules, and the like. The appropnate
dosage for the individual subject depends on the therapeutic
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objectives, the route of administration, and the condition of
the patient. Generally, recombinant proteins are dosed at
1-200 mg/kg, e.g., 1-100 mg/kg, e.g., 20-100 mg/kg.
Accordingly, 1t will be necessary for a healthcare provider to
tailor and titer the dosage and modily the route of admin-
1stration as required to obtain the optimal therapeutic eflect.
XIII. Indications

The pharmaceutical compositions and methods of the
invention are useful to reduce intlammation 1n a subject, to
promote clearance of autoantibodies 1n a subject, to suppress
antigen presentation in a subject, to reduce the immune
response, €.g., to block immune complex-based activation of
the immune response 1n a subject, and to treat immunologi-
cal and inflammatory conditions or diseases in a subject.
Exemplary conditions and diseases include rheumatoid
arthritis (RA); systemic lupus erythematosus (SLE); ANCA.-
associated vasculitis; antiphospholipid antibody syndrome;
autoommune hemolytic anemia; chronic inflammatory
demyelinating neuropathy; clearance of anti-allo 1n trans-
plant, anti-self i GVHD, anti-replacement, IgG therapeu-
tics, Ig(G paraproteins; dermatomyositis; Goodpasture’s
Syndrome; organ system-targeted type II hypersensitivity
syndromes mediated through antibody-dependent cell-me-
diated cytotoxicity, e.g., Guillain Barre syndrome, CIDP,
dermatomyositis, Felty’s syndrome, antibody-mediated
rejection, autoimmune thyroid disease, ulcerative colitis,
autormmune liver disease; 1diopathic thrombocytopenia pur-
pura; Myasthenia Gravis, neuromyelitis optica; pemphigus
and other autoimmune blistering disorders; Sjogren’s Syn-
drome; autoimmune cytopenias and other disorders medi-
ated through antibody-dependent phagocytosis; other FcR-
dependent imflammatory syndromes e.g., synovitis,

dermatomyositis, systemic vasculitis, glomerulitis and vas-
culitis.

EXAMPLES

Example 1—Design and Cloning of DNA Plasmid
Constructs

A total of eight DNA plasmid constructs were used to
assemble eight Fc constructs (FIGS. 1-7B). The DNA plas-
mid constructs were transiected into human embryonic
kidney (HEK) 293 cells for protein production. The eight
encoded secreted polypeptides had the general structures as
described below:

A. wt Fc: wild-type Fc domain monomer (FIG. 1: 102 and
104; FIG. 4: 408 and 410).

B. protuberance Fc: Fc¢ domain monomer with engineered
protuberance i C,3 antibody constant domain (FIG. 2:
202).

C. cavity Fc: Fc domain monomer with engineered cavity 1n
C,,3 antibody constant domain (FIG. 2: 204; FIG. 5: 514 and
516).

C*, cavity Fc*: Fc domain monomer with engineered cavity
in C,,3 antibody constant domain (FIG. 2: 204; FIG. 5: 514
and 516). Cavity Fc* also contains additional amino acid
substitutions relative to cavity Fc.

D. charges Fc: Fc domain monomer with reversed charges in
C,3 antibody constant domain (FIG. 3: 302 and 304).

E. wt-12-wt Fc2: Two Fc domain monomers joined 1n series
by way of a 12-amino acid GGGS peptide linker (FIG. 4:
402).

F. protuberance-20-charges Fc2: Fc domain monomer with

reversed charges 1n C,,3 antibody constant domain and Fc
domain monomer with engineered protuberance mm C.3
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antibody constant domain joined in series by way of a
20-amino acid SGGG peptide linker (FIG. 5: 502 and 508).
F*. protuberance-20-charges Fc2*: Fc domain monomer
with reversed charges 1n C,,3 antibody constant domain and
Fc¢ domain monomer with engineered protuberance in C,3
antibody constant domain joined in series by way of a
20-amino acid SGGG peptide linker (FIG. 5: 502 and 508).
Protuberance-20-charges Fc2* also contains additional
amino acid substitutions relative to protuberance Fc.

G. protuberance-20-protuberance Fc2: Two Fc¢ domain
monomers both with engineered protuberance in C,,3 anti-
body constant domain joined in series by way of a 20-amino
acid GGGS peptide linker (FIG. 6: 602).

H. C,C, Fc+: Fc domain monomer with C,1 and C,
constant domains attached to the hinge domain (FIG. 7A:
702 and 704; FIG. 7B: 706, 708, 710, 712, 714, and 716).
The C, constant domain 1s attached by way of an 18 amino
acid GGGS peptide linker to a C,, 1 constant domain.

Fc DNA sequences were derived from human IgGl Fc.
Protuberance, cavity and charges mutations were substituted
in the parental Fc sequence. DNA encoding a leader peptide
derived from the human immunoglobulin Kappa Light chain
was attached to the 3' region. All but one of the polypeptides
(C,C, Fc+) contained this encoded peptide on the amino
terminus to direct protein translocation mto the endoplasmic
reticulum for assembly and secretion. It will be understood
that any one of a variety of leader peptides may be used in
connection with the present invention. The leader peptide 1s
usually clipped off in the ER lumen. An 11 nucleotide
sequence contaiming a 5' terminal EcoR1 site was added
upstream of the ATG start codon. A 30 nucleotide sequence
containing a 3' terminal Xhol site was added downstream of
the 3' terminal TGA ftranslation termination codon. The
DNA sequences were optimized for expression 1in mamma-
l1an cells and cloned into the pcDNA3.4 mammalian expres-
sion vector.

Mutations are denoted by the wild-type amino acid resi-
due followed by the position using the EU Kabat numbering
system (Kabat et al., Sequences of Proteins of Immunologi-
cal Interest, National Institutes of Health, Bethesda, Md., ed.
5, 1991) and then the replacement residue in single-letter
code. The nucleotide and amino acid sequences of secreted
polypeptides A-H described above are provided below (ex-
cept for cavity Fc* and protuberance-20-charges Fc2*, for

which only the amino acid sequences are provided).

wt PFcC
SEQ ID NO: 29:
1 10 20 30 40 50

GACAAGACCCACACCTGTCCGCCTTGCCCTGCCCCTGAGCTGCTGGGAGG
CCCCAGCGTGTTCCTGTTCCCCCCAAAGCCCAAGGACACCCTGATGATCA
GCCGGACCCCCGAAGTGACCTGCGTGGTGGTGGACGTGTCCCACGAGGAC
CCTGAAGTGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGC
CAAGACCAAGCCCAGAGAGGAACAGTACAACAGCACCTACCGGGETGGETGT
CCOETGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAATACAAG
TGCAAAGTCTCCAACAAGGCCCTGCCTGCCCCCATCGAGAAAACCATCAG
CAAGGCCAAGGGCCAGCCCCGCGAGCCCCAGGTGTACACACTGCCCCCCA
GCCGGGACGAGCTGACCAAGAACCAGGTGTCCCTGACCTGCCTGGTGARAA
GGCTTCTACCCCAGCGATATCGCCGTGGAATGGGAGAGCAACGGCCAGCC

CGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACGGCTCAT
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-continued

TCTTCCTGTACAGCAAGCTGACCGTGGACAAGAGCCGGETGGCAGCAGGGC
AACGTGTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACAC
CCAGAAGT CCCTGAGCCTGAGCCCCGGCAAG

SEQ ID NO:
1 10 20 30 40 50

DKTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTCVVVDVSHED

20

PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYK
CKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVK
GFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQOG
NVEFSCSVMHEALHNHYTQKSLSLSPGK

protuberance Fc

SEQ ID NO: 31:
1 10 20 30 40 50

éACAAGACéCACACCTGTCéGCCTTGCCC%GCCCCTGAGATGCTGGGAGL
CCCCAGCOGTGTTCCTGTTCCCCCCAAAGCCCAAGGACACCCTGATGATCA
GCCGGACCCCCGAAGTGACCTGCGETOGGETGOGTGGACGTGT CCCACGAGGAC
CCTGAAGTGAAGT TCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGC
CAAGACCAAGCCCAGAGAGGAACAGTACAACAGCACCTACCGGGETGGTGT
CCOTGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAATACAAG
TGCAAAGTCTCCAACAAGGCCCTGCCTGCCCCCATCGAGAAAACCATCAG
CAAGGCCAAGGGCCAGCCCCLCLAGCCCCAGGTGTACACACTGCCCCCCT
GCCGEGGACGAGCTGACCAAGAACCAGGTGETCCCTGETGETGCCTOGGETGARAD
GGCTTCTACCCCAGCGATATCGCCGTGGAATGGEGAGAGCAACGGCCAGCC
CGAGAACAACTACAAGACCACCCCCCCTOGTGCTGGACAGCGACGGCTCAT
TCTTCCTGTACAGCAAGCTGACCOGTGGACAAGAGCCLGTGGCAGCAGGGC
AACGTGTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACAC
CCAGAAGTCCCTGAGCCTGAGCCCCGGCAAG

SEQ ID NO: 32:

1 10 20 30 40 50

éKTHTCPPLPAPELLGGPS$FLFPPKPKD$LMISRTPEV%CVVVDVSHE&
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK
CKVSNKALPAPIEKTISKAKGOPREPQVYTLPPCRDELTKNQVSLWCLVEK
GEFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSEFELYSKLTVDKSRWOQOG
NVEFSCSVMHEALHNHYTQKSLSLSPGK

cavity Fc

SEQ ID NO:
1 10 20 30 40 50

GACAAGACCCACACCTGTCCGCCTTGCCCTGCCCCTGAGCTGCTGGEEAGG

33

CCCCAGCOETOETTCCTGTTCCCCCCAAAGCCCAAGGACACCCTGATGATCA

GCCGGACCCCCGAAGTGACCTGCGETGGETGETGGACGTGT CCCACGAGGAC

CCTGAAGTGAAGT TCAATTGGTACGTGGACGGCGETGGAAGTGCACAACGC

CAAGACCAAGCCCAGAGAGGAACAGTACAACAGCACCTACCGGGETGEGETGT

CCOTGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAATACAAG
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-continued -continued
TRCAAAGTCTCCAACAACCCCCTACCTCCCCCCATCCGACGAAAACCATCAR

CKVSNKALPAPIEKTISKAKGOQPREPOQVYTLPPSRDELTKNQVSLTCLVEK
CAAGGCCAAGGGCCAGCCCCGCGAGCCCCAAGTGTGTACACTGCCCCCCA

GEFYPSDIAVEWESNGOQPENNYKTTPPVLKSDGSEFEFLYSDLTVDKSRWQOG
GCCGGGACGAGCTGACCAAGAACCAGGTGTCCCTGAGCTGCGCCGTGARAA 5

NVESCSVMHEALHNHYTQKSLSLSPGK
GGCTTCTACCCCAGCGATATCGCCGTGGAATGGGAGAGCAACGGCCAGCC

CGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACGGCTCAT wt-12-wt Fa?

SEQ ID NO: 37:
TCTTCCTGGTTAGCAAGCTGACCGTGGACAAGAGCCOGGETGGCAGCAGGGC 10 1 10 50 30 40 50

AACGTGTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACAC CACAACACCCACACCTETCCCCCTTRCCCTCCCCCTCACCTRCTCCRACE

CCAGAAGTCCCTGAGCCTGAGCCCCGGCAAG CCCCAGCETETTCCTGTTCCCCCCARAGCCCARAGGACACCCTGATGATCA

SEQ ID NO: 34:
1 10 20 30 40 50

| | | | | | CCTGAAGTGAAGT TCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGC
DKTHTCPPCPAPELLGGPSVFLEPPKPKDTLMISRTPEVTCVVVDVSHED

15 GCCGGACCCCCGAAGTGACCTGCGTOGGETGGTGGACGTGTCCCACGAGGAC

CAAGACCAAGCCCAGAGAGGAACAGTACAACAGCACCTACCGGGETGGTGT
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK

70 CCGCTGCTGACCGTGCTGCACCAGGACTGGCTCAACGGCAAAGAGTACAAG
CKVSNKALPAPIEKTISKAKGOPREPQVCTLPPSRDELTKNQVSLSCAVK

TGCAAGGTGTCCAACAAGGCCCTGCCTGCCCCCATCGAGAAAACCATCAG
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFELVSKLTVDKSRWOOG

CAAGGCCAAGGGCCAGCCCCLCLGAGCCCCAGGTCTACACACTGCCCCCCA
NVESCSVMHEALHNHYTQKSLSLSPGK

GCOCGGGACGAGCTGACCAAGAACCAGGTCTCCCTGACCTGCCTOGGTGARA
cavity Fc* 25

SEQ ID NO: 45: GECTTCTACCCCAGCCATATCECCATCRAATERCAGAGCAACGRCCAGCC
1 10 20 20 40 50

| | | | | | CGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACGGCTCAT
DKTHTCPPCPAPELLGGPSVFLEPPKPKDTLMISRTPEVTCVVVDVSHED

TCTTCCTGTACAGCAAGCTGACCOGTGGACAAGAGCCOGGTGGCAGCAGGGC
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK 30

AACGTGTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACAC
CKVSNKALPAPIEKTISKAKGOQPREPQVCTLPPSRDELTKNOVSLSCAVE

CCAGAAGTCCCTGAGCCTGAGCCCCGGCAAAGGCGGGGEGATCTGGGEGEGEAG
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFEFLVSKLTVDKSRWOOG

GAAGCGGAGGCGGCAGCGATAAGACCCATACCTGCCCTCCCTGTCCCGCT
NVEFSCSVMHEALHNHYTQKSLSLSPGK 35

CCCGAACTGCTGGGGGGACCCTCCGTGTTTCTGTTTCCACCTAAGCCTAA
charges Fc

SEQ ID NO: 35: GEATACGCTCATGATCTCCAGAACCCCTGAAGTCACATETCTEETCRTCG
1 10 20 320 40 50

| | | | | | ATGTGTCTCATGAAGAT CCCGAAGTCAAGTTTAACTGGTATGTGGAT GGG
GACAAGACCCACACCTGTCCGCCTTGCCCTGCCCCTGAGCTGCTGGGAGG 40

GTCGAGGTCCACAATGCCAAAACARAAGCCTCOGGAAGAACAGTATAACTC
CCCCAGCOETGTTCCTGTTCCCCCCAAAGCCCAAGGACACCCTGATGATCA

CACCTACAGAGTCGTCAGCOGTGCTGACAGTCCTTCATCAGGATTGGCTGA
GCCGGACCCCCGAAGTGACCTGCGETGETGOETGGACGTGTCCCACGAGGAC

ATGGGAAAGAGTACAAATGTAAAGTGTCTAACAAAGCTCTGCCCGCTCCT

4> ATCGAAAAGACCATCTCCAAAGCCAAAGGGCAGCCCAGAGAACCTCAGGT

CCTGAAGTGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGC

CAAGACCAAGCCCAGAGAGGAACAGTACAACAGCACCTACCGGGETGGETGT

GTACACCCTGCCACCCTCCAGAGATGAGCTGACAALAALATCAGGTGTCAC
CCOETGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAATACAAG

TGACATGTCTGGTGAAAGGGT TTTATCCCTCCGACATTGCTGTGGAATGG
TGCAAAGTCTCCAACAAGGCCCTGCCTGCCCCCATCGAGAAAACCATCAG

50 GAATCCAATGGGCAGCCTGAAAACAATTATAAGACAACACCTCCCGTGCT
CAAGGCCAAGGGCCAGCCCCLCGAGCCCCAGGTGTACACACTGCCCCCCA

GGACTCCGATGGCTCATTTTTTCTGTACTCTAAACTGACAGTGGATAAGT
GCCGGGACGAGCTGACCAAGAACCAGGTGTCCCTGACCTGCCTGGTGARAA

CCAGATGGECAGCAGGGAAATGTGTTTTCCTGCTCTGTGATGCATGAAGCT
GGCTTCTACCCCAGCGATATCGCCGTGGAATGGGAGAGCAACGGCCAGCC

55 CTGCATAATCACTATACACAGAAALAGCCTGETCCCTGTCCCCCGGCAAG
CGAGAACAACTACAAGACCACCCCCCCTGTGCTGAAAAGCGACGGCTCAT

SEQ ID NO: 38:

TCTTCCTGTACAGCGACCTGACCGTGGACAAGAGCCOGGETGGCAGCAGGGC 1 10 50 20 40 50

AACGTGTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACAC | | | | | |
DKTHTCPPCPAPELLGGPSVFLEPPKPKDTLMISRTPEVTCVVVDVSHED

CCAGAAGTCCCTGAGCCTGAGCCCCGGCAAG 60
PEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK

SEQ ID NO: 36:
1 10 20 30 40 50 CKVSNKALPAPIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLTCLVEK

DKTHTCPPCPAPELLGGPSVFLEPPKPKDTLMISRTPEVTCVVVDVSHED GEYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFEFLYSKLTVDKSRWQOG
65

PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK NVESCSVMHEALHNHYTQKSLSLSPGKGGGSGGGSGGGSDKTHTCPPCPA
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-continued

PELLGGPSVFLEPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWY VDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAP
IEKTISKAKGOPREPOVYTLPPSRDELTKNOQVSLTCLVKGEFYPSDIAVEW
ESNGOQPENNYKTTPPVLDSDGSEFLYSKLTVDKSRWOQOGNVESCSVMHEA
LHNHYTQKSLSLSPGK

protuberance-20-charges Fc2
SEQ ID NO: 39:

1 10 20 30 40 50

GACAAGACCCACACCTGTCCCCCTTGCCCAGCCCCTGAGCTGCTGGGAGG
CCCCAGCGTGTTCCTGTTCCCCCCAAAGCCCAAGGACACCCTGATGATCA
GCCGGACCCCCGAAGTGACCTGCGTGGTGGTGGACGTGTCCCACGAGGAC
CCTGAAGTGAAGTTCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGC
CAAGACCAAGCCCAGAGAGGAACAGTACAACAGCACCTACCGGGETGGETGT
CCGETGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAGTACAAG
TGCAAGGTGTCCAACAAGGCCCTGCCTGCCCCCATCGAGARAAACCATCAG
CAAGGCCAAGGGCCAGCCCCGOCGAGCCCCAGGTGTACACCCTGCCCCCTT
GCAGAGATGAGCTGACCAAGAACCAGGTGTCCCTGTGOGTGCCTGGTCAAG
GGCTTCTACCCCAGCGATATCGCCGTGGAATGGGAGAGCAACGGCCAGCC
CGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACGGCTCAT
TCTTCCTGTACAGCAAGCTGACCOGTGGACAAGAGCCOGGTGGCAGCAGGGC
AACGTGTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACAC
CCAGAAGT CCCTGAGCCTGAGCCCCOGLCAAGT CTGGOGGGAGGATCAGGGG
GTGGAAGTGGCGEOTGGATCTGGETGGTGGAAGCGGAGGCGGCGATAAGACA
CACACATGCCCCCCCTGTCCAGCTCCCGAACTGCTGOGGEGGEGACCCTCCGT
GITTTCTGTTTCCACCTAAGCCTAAGGATACGCTCATGATCTCCAGAACCC
CTGAAGTCACATGTGTGOETGGTCGATGTGTCTCATGAAGATCCCGAAGTC
AAGTTTAATTGGTATGT CGATGGGETCGAGGTGCACAATGCCAAAACAAL
ACCTCOGLAAGAACAGTATAACT CCACATACAGAGTGGETGTCTGTCCTCA
CAGTCCTGCATCAGGAT TGGCTCAATGGGAAAGAGTACAAATGTAAAGTC
TCTAACAAGGCTCTCCCCGCTCCGATCGAAAAGACCATCTCCAAAGCCAA
AGGGCAGCCCAGAGAACCT CAGGTCTACACACTGCCTCCCAGCCGGGACG
AGCTGACAARAARAATCAAGTGTCTCTGACCTGCCTCGTGAAGGGCTTTTAT
CCCTCCGACATTGCCOTCGAGTGGGAGTCCAATGGACAGCCGGAAAACAA
TTATAAGACCACGCCTCCAGTGCTGAAGTCCGACGGCAGCTTCTTTCTGT
ACTCCGACCTGACAGTGGATAAGTCCAGATGGCAGCAAGGGAATGTGTTC
TCCTGTTCCGTGATGCATGAAGCCCTCCATAATCACTATACCCAGAAAAG
CCTGTCCCTGTCCCCTGGCAAG

SEQ ID NO: 40:

1 10 20 30 40 50

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED

PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK

CKVSNKALPAPIEKTISKAKGOQPREPOQVYTLPPCRDELTKNOVSLWCLVEK
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-continued
GFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQG
NVEFSCSVMHEALHNHYTQKSLSLSPGKSGGGSGGGSGGGSGGGSGGGDKT
HTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKV
SNKALPAPIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLTCLVKGFEY
PSDIAVEWESNGOPENNYKTTPPVLKSDGSFFLYSDLTVDKSRWQQGNVE
SCSVMHEALHNHY TQKSLSLSPGK
protuberance-20-charges Fc2*

SEQ ID NO: 46:
1 10 20 30 40 50

&KTHTCPPéPAPELLGGPS$FLFPPKPKD%LMISRTPEV%CVVVDVSHE$
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYK
CKVSNKALPAPIEKTISKAKGQPREPQVYTLPPCRDKLTKNQVSLWCLVK
GFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQOG
NVEFSCSVMHEALHNHYTQKSLSLSPGKSGGGSGGGSGGGSGGGSGGGDKT
HTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKV
SNKALPAPIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLTCLVKGFEFY
PSDIAVEWESNGOPENNYKTTPPVLKSDGSFFLYSDLTVDKSRWQQGNVE
SCSVMHEALHNHY TQKSLSLSPGK
protuberance-20-protuberance Fc2

SEQ ID NO: 41:
1 10 20 30 40 50

éACAAGACLCACACCTGTCLCCCTTGCCC%GCCCCTGAGéTGCTGGGAGé
CCCCAGCGTGTTCCTGTTCCCCCCAAAGCCCAAGGACACCCTGATGATCA
GCCGGACCCCCGAAGTGACCTGCGETGGETGGTGGACGTGTCCCACGAGGAC
CCTGAAGTGAAGT TCAATTGGTACGTGGACGGCGTGGAAGTGCACAACGC
CAAGACCAAGCCCAGAGAGGAACAGTACAACAGCACCTACCGGGETGGETGT
CCOTGCTGACCGTGC TGCACCAGGACTGGCTGAACGGCAAAGAGTACAAG
TGCAAGGTGT CCAACAAGGCCCTGCCTGCCCCCATCGAGAAAACCATCAG
CAAGGCCAAGGGCCAGCCCCLGCGAGCCCCAGGTGTACACCCTGCCCCCTT
GCAGAGATGAACTGACCAAGAACCAGGTGTCCCTGTGLGTGCCTGLTCAAG
GGCTTCTACCCCAGCGATATCGCCGTGGAATGGGAGAGCAACGGCCAGCC
CGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACGGCTCAT
TCTTCCTGTACAGCAAGCTGACCOGTGGACAAGAGCCOGGTGGCAGCAGGGC
AACGTGTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTACAC
CCAGAAGTCCCTGAGCCTGAGCCCCGGCAAGT CTGGGGEGAGGATCAGGGG
GTGGAAGTGGCGETGGATCTGGETGETGGAAGCGGAGGCGGCGATAAGACA
CACACATGCCCCCCCTGTCCAGCTCCCGAACTGCTGOGEEGEGEACCCTCCGT
GTTTCTGTTTCCACCTAAGCCTAAGGATACGCTCATGATCTCCAGAACCC

ClTGAAGTCACATGTGTGOETGGTCGATGTGTCTCATGAAGATCCCGAAGTC

AAGTTTAACTGGTATGTGGATGGGOGT CGAGGTCCACAATGCCAAAACAAL
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-continued
GCCTCRGRAAGAACACGTATAACTCCACCTACAGACTCATCACCATCCTCA

CAGTCCTGCATCAAGAT TGGCTCAATGGGAAAGAGTATAAGTGTAAAGTC
TCGAACAAAGCCCTCCCCGCTCCTATCGAAAAGACCATCTCCAAAGCCAA
AGGGCAGCCCAGAGAACCT CAGGTCTACACACTGCCTCCATGTCGGGACG
AGCTGACAARARATCAGGTGT CACTGTGOGTGTCTGGTGAAGGGGTTTTAC
CCTTCCGACATTGCTGTGGAATGGGAATCCAATGGGCAGCCTGAAAACAA
TTATAAGACAACACCTCCCOGTGCTGGACTCCGATGGCTCATTTTTTCTGT
ACTCTAAACTGACAGTGGATAAGTCCAGATGGCAGCAGGGAAATGTGTTT
TCCTGCTCTGTGATGCATGAAGCTCTGCATAATCACTATACACAGAALAAG
CCTGETCCCTGTCCCCTGGCAAG

SEQ ID NO: 42:

1 10 20 30 40 50

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK
CKVSNKALPAPIEKTISKAKGOPREPOVYTLPPCRDELTKNOVSLWCLVEK
GFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFELYSKLTVDKSRWOOG
NVESCSVMHEALHNHYTOKSLSLSPGKSGGGES GGGSGGESGGEESGEEDKT
HTCPPCPAPELLGGPSVEFLEPPKPKDTLMISRTPEVTCVVVDVSHEDPEV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKY
SNKALPAPIEKTISKAKGOPREPQVYTLPPCRDELTKNOQVSLWCLVKGEY
PSDIAVEWESNGOQPENNYKTTPPVLDSDGSEFELYSKLTVDKSRWOOGNVE
SCSVMHEALHNHYTQKSLSLSPGK

CHCL Fc+

1 10 20 30 40 50

AGGACAGTGGCCGCTCCCAGCGTGTTCATCTTCCCACCCAGCGACGAGCA
GCTCAAGTCCGGCACAGCCAGCGTGGETCTGCCTGCTGAACAACTTCTACC
CCCCCGACCCCAAGGTCCAGTGLAAGCTGGACAACGCCCTGCACAGCGCC
AACAGCCAGGAAAGCGOGT CACCGAGCAGGACAGCAAGGACTCCACCTACAG
CCTGTCTAGCACCCTGACCCTGAGCAAGGCCGACTACGAGAAGCACAAGG
TGTACGCCTGCGAAGTGACCCACCAGGGCCTGTCCAGCCCCGTGACCAAG
AGCTTCAACAGACGCGAGTGCGGCGGCTCTGGCGEGAGGAT CCGLGEGAGG
ATCAGGCGGCGEAAGCGGAGGCAGCGCTACCACAAAGGGCCCCTCCGTGT
TCCCCCTGGCCCCCAGCAGCAAGAGCACATCTGGCGGAACAGCCGCCCTG
GGCTGCCTGGETGAAAGACTACTTCCCCGAGCCCOTGACCGTGTCCTGGAA
CTCTGGCGCCCTGACCAGCOGGCOETGCACACCTTTCCAGCCGTGCTGCAGA
GCAGCGGCCTGTACTCCCTGAGCAGCGTGOGTGACAGTGCCTAGCAGCAGC
CTGGCCACCCAGACCTACATCTGCAACGTGAACCACAAGCCCAGCAACAC
CAAAGTGGACAAGCGOGGTGGAACCCAAGAGCTGCGACAAGACCCACACGT
GTCCCCCCTGCCCAGCCCCTGAACTGCTGLGCGLGACCTAGCGTGTTCCTG
TTCCCCCCAAAGCCCAAGGACACCCTGATGATCAGCCGGACCCCCGAAGT

GACCTGCGTGOTGGTGGACGTGTCCCACGAGGACCCTGAAGTGAAGTTCA

ATTGGETACGTGGACGGCOTGCAAGTGCACAATGCCAAGACCAAGCCCAGA

10

15

20

25

30

35

40

45

50

55

60

65

36

-continued

GAGGAACAGTACAACAGCACCTACCGGOGTGGETGTCCGTGCTGACCGETGCT
GCACCAGGACTGGCTGAACGGCAAAGAGTACAAGTGCAAGGTCTCCAACA
AGGCCCTGCCTGCCCCCATCGAGAAARACCATCAGCAAGGCCAAGGGCCAG
CCCCGCGAGCCCCAGGTGTACACACTGCCCCCCAGCCGGGACGAGCTGAC
CAAGAACCAGGTGTCCCTGACCTOGTCTGOTGAAAGGCTTCTACCCCTCCG
ATATCGCCOETGGAATGLGAGAGCAACGGCCAGCCCGAGAACAACTACAAG
ACCACCCCCCCTGTGCTGGACTCCGACGGCTCATTCTTCCTGTACAGCAA
GCTGACCGTGGACAAGAGCCGGTGGCAGCAGGGCAACGTGTTCAGCTGCT
CCCTCATGCACGAGGCCCTGCACAACCACTACACCCAGAAGTCCCTGACC
CTGAGCCCCGGCAAA

SEQ ID NO: 44:
1 10 20 30 40 50

;TVAAPSVLIFPPSDEQLKéGTASVVCLL$HFYPREAKV$WKVDHALQS£
NSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOQGLSSPVTK
SFNRGECGGSGGGESGEGSGOEGSGESASTKGPSVEPLAPSSKSTSGGTAAL
GCLVEKDYFPEPVITVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSS
LGTOQTY ICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVEL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGO
PREPOQVYTLPPSRDELTKNOQVSLTCLVKGEFYPSDIAVEWESNGOPENNY K

TTPPVLDSDGSFELYSKLTVDKSRWOOGNVESCSVMHEALHNHYTQKSLS

LSPGK

Example 2—Expression of Fc Construct Proteins

For protein expression of the Fc constructs, two of the
DNA plasmid constructs selected from A-H described 1n
Example 1 were transtected mnto EXP1293 cells (LifeTech-
nologies). Liposome transiection was used to introduce
plasmid DNA mto EXP1293 cells. The total amount of
transiected plasmid constructs was fixed whereas the ratio of
different plasmid constructs was varied to maximize the
yield of desired constructs (see Table 3 below). For each Fc
construct, the ratio (by mass) of the two transfected DNA
plasmid constructs 1s shown 1n Table 3. Illustrations of the
constructs are shown FIGS. 1-7B.

After protein expression, the expressed constructs were
purified from the cell culture supernatant by Protein A-based
allinity column chromatography. Media supernatants were
loaded onto a Poros MabCapture A (LifeTechnologies)
column using an AKTA Avant preparative chromatography
system (GE Healthcare Life Sciences). Captured Fc¢ con-

structs were then washed with phosphate buflered saline
(low-salt wash) followed by phosphate buflered saline
supplemented with 500 mM NaCl (high-salt wash). Fc
constructs are eluted with 100 mM glycine, 150 mM Na(l,
pH 3 bufler. The protein solution emerging from the column
1s neutralized by addition of 1M TRIS pH 7.4 to a final
concentration of 100 mM. The Fc constructs were further

fractionated by 1on exchange chromatography using Poros®
XS resin (Applied Biosciences Cat. #4404336). The column

was pre-equilibrated with 10 mM MES, pH 6 (bufler A), and
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the sample was eluted with a gradient agamst 10 mM MES,
500 mM sodium chlornde, pH 6 (builer B).

We obtained a total of seven Fc constructs (see Table 3
below and FIGS. 1-7B). Punfied Fc¢ constructs were ana-
lyzed by SDS-PAGE (sodium dodecyl sulfate polyacrylam-
ide gel electrophoresis) under both reducing and non-reduc-
ing conditions followed by Coomassie Blue staining to
coniirm the presence of protein bands of expected size.

TABLE 3
Ratio of  Approx. MW 1n
Plasmids kDa (reducing
Construct Plasmids Transfected A:B SDS-Page)
1 A: Wt Fe n/a 25
2 A: Protuberance Fc 1:1 25
B: Cavity Fc
3 A: Charges Fc 25
4 A Wt-12-Wt Fc2 1:2 25, 50
B: Wt FC
5 A: Protuberance-20-Charges Fc2 2:1 25, 50
B: Cavity Fc
5% A: Protuberance-20-Charges Fc2* 2:1 25, 50
B: Cavity Fc*
6 A Protuberance-20-Protuberance Fc2 1:1 25, 50
B: Cavity Fc
7 and & A: Ch, Cl, Fc+ n/a 50

Example 3—Preparation and SDS-Page Analysis of
Construct 4

Two DNA plasmid constructs, wt-12-wt Fc2 (DNA plas-
mid construct E in Example 1) and wt Fc (DNA plasmid
construct A in Example 1), were used to express construct 4
(FIG. 4). The two plasmid constructs were transiected into
HEK 293 cells for protein expression and purification as
described 1n Example 2. FIG. 11 A-B shows the reducing and
non-reducing SDS-PAGE of construct 4. On reducing SDS-
PAGE (FIG. 11A), we observed a band at approximately 25
kDa (lanes 2 and 3, FIG. 11A) corresponding to the wt F

Fc
domain monomer and a band at 50 kDa corresponding to the
wt-12-wt Fc2 tandem dimer (lanes 1-3, FIG. 11A). On
non-reducing SDS-PAGE (FIG. 11B), lanes 2 and 3 each
contain the final protein product of construct 4 in higher (12)
and lower (13) protein amounts, respectively. We observed
one major band at approximately 100 kDa corresponding to
the association of wt-12-wt Fc2 tandem dimer with two wt
Fc¢ domain monomers to form construct 4, and another major
band of approximately equal signal intensity at approxi-
mately 50 kDa corresponding to free wt-12-wt Fc2 tandem
dimer that 1s not joined with wt Fc domain monomers.

In addition, we observed higher molecular weight bands
at approximately 150 kDa, 200 kDa and 250 kDa (lanes 2
and 3, FIG. 11B) corresponding to multimers of wt-12-wt
Fc2 and wt Fc domain monomer.

Example 4—Preparation and SDS-Page Analysis of
Construct 6

Two plasmid constructs, protuberance-20-protuberance
Fc2 (DNA plasmid construct G 1n Example 1) and cavity Fc
(DNA plasmid construct C 1n Example 1), were used to
express construct 6 (FIG. 6). The two plasmid constructs
were transiected into HEK 293 cells for protein expression
and purification as described 1n Example 2. FIGS. 12A-12B
show the reducing and non-reducing SDS-PAGE of con-
struct 6. On reducing SDS-PAGE (FIG. 12A), we observed
a band at approximately 25 kDa (lanes 2 and 3, FIG. 12A)
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corresponding to the cavity Fc domain monomer and a band
at 50 kDa corresponding to the protuberance-20-protuber-

ance Fc2 tandem dimer (lanes 1-3, FIG. 12A). On non-
reducing SDS-PAGE (FIG. 12B), lanes 2 and 3 each contain
the final protein product of construct 6 in higher (2) and
lower (14) protein amounts. We observed one major band at
approximately 100 kDa corresponding to the association of
the protuberance-20-protuberance Fc2 tandem dimer with

Approx. MW in
KDa (non-reducing
SDS-Page)

50
50

50
100

150
150
100

100

two cavity Fc¢ domain monomers and a minor band of
weaker signal intensity at approximately 50 kDa corre-
sponding to free protuberance-20-protuberance Fc2 tandem
dimer that was not combined with any cavity F¢ domain
monomer.

A similar experiment was performed with construct 5
(FI1G. 13). Two plasmid constructs, protuberance-20-charges

Fc2 (DNA plasmid construct F 1n Example 1) and cavity Fc

(DNA plasmid construct C 1mn Example 1), were used to
express construct 5 (FIG. §). The two plasmid constructs
were transiected into EXP1293 cells at empirically deter-
mined ratios by cationic lipid transiection. The transiected
cultures are incubated 1n cell culture media for 6-8 days.
After this time, the cells were removed by centrifugation.
The supernatant (media, lane 1 of FIG. 13) contains con-
struct 5 which was secreted by the transiected cells into the
media. There are also contaminating host cell proteins 1n the
media. Construct 5 was purified from the media by Pro-
temn-A aflinity chromatography. At this point, the media
contained the desired construct 5 having three Fc domains
(trimer) as well as a some proportion of misassembled
proteins having two Fc¢ domains (dimer, about 10-13%) and
one F¢ domain (monomer, 5-10%). There was also a small
amount ol contaminating host cell proteins still present. The
Protein A column eluate was bufler exchanged, concen-
trated, and fractionated by Strong Cation Exchange (SCX)
chromatography. Briefly, construct 5 was bound to the SCX
column and then eluted with a salt and pH gradient. This step
enabled separation of the desired construct 5 having three Fc
domains from most of the misassembled proteins having two
or one Fc domain, from construct 5 having unwanted post
translational modifications, and from contaminating host
cell proteins. After another round of concentration and butler
exchange, a pure, final protein product of construct 5 was
obtained (pure, lane 2 of FIG. 13).

FIG. 13 depicts an SDS-PAGE of media obtained from
cultured host cells engineered to express construct 5 (lane 1),
and of purified construct 5 (lane 2). Also shown 1s a table
showing the percentages of the major bands of the SDS-
PAGE for each sample. In the media sample (lane 1), a major
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band at approximately 150 kDa was observed, correspond-
ing to the final protein product of construct 5 having three Fc
domains. The media sample also contained a minor band of
weaker signal intensity at 100 kDa corresponding to a
protein having two Fc domains, and a second minor band of
weakest signal mtensity at 50 kDa corresponding a protein
having one Fc domain. After purification (lane 2), the major
band at approximately 150 kDa, corresponding to the final
protein product of construct 5 having three Fc domains 1s
enriched. Quantification of the signal intensities of the
protein bands on the SDS-PAGE of construct 5 showed that,
in the culture media, before protein purification, about 79%
of the total protein was the desired protein product of
construct 5. After protein purification, a substantially
homogenous population of construct 5 having about 95%
purity was obtained.

These findings demonstrate that the selectivity dimeriza-
tion module containing either an engineered protuberance or
an engineered cavity in the C,3 antibody constant domain
reduces self-association and prevents uncontrolled Fc-me-
diated aggregate or multimer formation, indicating that the
use of dimerization selectivity modules 1n the constructs
described herein can be used to produce substantially
homogenous preparations of the Fc constructs. This obser-
vation has significant implications for advantages 1n manu-
facturing, yield, and purity of the constructs, e.g., in order to
control biological activity and potency.

Example 5—Binding Aflinity and Avidity

The binding of constructs to multiple Fcy receptors was
assessed using cell-based FRET competition assays (Cisbio
Bioassays). Constructs 5 and 6 showed at least a ten-fold
decrease 1 IC50 (1.e. increased binding) to FcyRlIla,
FcyRIIb, and FcyRIIla relative to the wild type Fc¢ domain
(construct 1).

Example 6—Monocyte Activation and Blocking
Assays

Three Fc constructs, constructs 1, 5, and 6, contaiming
one, three, and two Fc¢ domains, respectively, were tested for
their ability to activate THP-1 monocytes on their own. IL-8
release was used as an indicator of monocyte activation.
Constructs 1, 5, and 6 were expressed and purified as
described 1n Examples 1 and 2. Each of the purified Fc
constructs was added to THP-1 monocytes. No substantial
IL-8 release was observed for any of the three constructs.
The data are provided 1n FIG. 14A.

The same three Fc constructs were then tested for their
ability to imnhibit Fc receptor-mediated monocyte activation.
IgG1 (100 ug/mlL) was immobilized on a 96 well plate and
used to mduce IL-8 release by THP-1 monocytes. Serial
dilutions of constructs 1, 5 and 6 or control substances
(intravenous immunoglobulin (IVIg), human serum albumin
(HSA), and glycine bufler) were subsequently performed 1n
the tissue culture plate. THP-1 monocytes (1.5x10° cells)
were immediately added with thorough mixing. The cultures
were incubated for 18 h and the supernatants analyzed for
IL-8. Constructs 5 and 6 were found to inhibit IL-8 release
more eflectively than construct 1 at low doses. The data are

provided i FIG. 14B.

Example 7—K/Bxn Arthritis Model

Fc constructs 1, 3, and 6 and IVIg were tested for their
ability to protect mice from joint inflammation 1n the K/BxN
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serum transfer model using a method described 1n Anthony,
Proc. Natl. Acad. Sci. U.S.A. 105:19571-19378 (2008).
Twelve-week old K/BxN mice were generated/purchased
from Jackson Laboratories. A total of thirty C57 BLmice
were separated 1nto five groups of six mice each. Each group
was 1njected intravenously (1.v.) with 200 ul construct 6 at
0.1 g/kg, 200 ul construct 5 at 0.1 g/kg, 200 ul IVIg at 0.1
g/kg, 230 ul IVIg at 1 g/kg, or 200 ul phosphate-builered
saline (PBS) one hour before mjection of 200 ul K/BxN
serum (an arthritis imnducing serum) (Day 0). Inflammation
was scored by clinical examination of paw swelling and
ankle thickness. For paw swelling, each paw was scored 0-3
(0, no swelling; 3, maximal swelling). Scores of four paws
were added for total clinical score per individual mouse. For
ankle thickness, caliper measurement was used. Each mouse
was scored daily from Day O to Day 10. The daily average
clinical score for each group of six mice was plotted 1n FIG.
15. As shown 1n FIG. 15, IVIg at 1 g/kg, construct 5 at 0.1
g/kg, and construct 6 at 0.1 g/kg provided similar level of
inflammation protection. Given that constructs 5 and 6 were
administered at ten-fold lower dose compared to the dose of
IVIg, constructs 5 and 6 appear to be more potent than IVIg.

Example 8 —Chronic ITP Model

Constructs 1 and 3, as well as IVIg, were tested for their
ability to treat mice undergoing immune thrombocytopenia
(ITP). ITP was induced by an anti-platelet Ab that causes
platelet depletion. Forty five C37BL/6 mice (18-22 g,
Charles Rivers Labs, Mass.) were injected 1.p. with 1.5
ug/mouse of rat anti-CD41 antibody (Ab) (clone MWReg30
BioLegend cat#133910) once daily for 4 days (on days 1, 2,
3 and 4). F1ive mice were injected with 1.5 ng/mouse of a rat
IgGG1, k 1sotype control Ab (BioLegend cat#400414) to
determine normal platelet levels. Abs were injected 1n 100 pl
of PBS. All mice were dosed once intravenously with 200 ul
of either saline control, IVIg at 1 g/kg, construct 1 at 0.02,
0.03, 0.1, and 0.3 g/kg, and construct 5 at 0.004, 0.02, and
0.1 g/kg 2 h after the third anti-CD41 Ab injection on day 3.
Mice were bled on day 5 (24 h after the forth ant1-CD41 Ab
injection) to quantitate total platelet levels by the VetScan
Instrument. All procedures were performed 1n compliance
with the Animal Welfare Act and with the Guide for the Care
and Use of Laboratory Animals.

As shown 1n FIG. 16, platelet levels were significantly
increased after therapeutic treatment with construct 5 at 0.02
and 0.1 g/kg when compared to saline control (*%**
p<<0.0001 by One-way ANOVA with multiple comparisons
test). Platelet levels 1n these groups were similar to the levels
in the normal, 1sotype treated-group. Therapeutic treatment
with IVIg at 1 g/kg and construct 1 at 0.1 and 0.3 g/kg, also
significantly increased platelet levels when compare to
saline control (* p<0.05; **p<0.01 respectively by One-way
ANOVA with multiple comparisons test) but platelet levels
in these groups were lower than 1n the 0.02 and 0.1 g/kg
construct 5 treated-groups. In this model, construct 3
appears to be about 50-fold more potent than IVIg.

Example 9—Construct 5* Shows Augmented
Binding and Avidity to FcyR Compared to IVIg

Following the same protocol as described 1n Example 8,
two plasmid constructs, encoding protuberance-20-charges
Fc2* (construct F* in Example 1) and cavity Fc* (construct
C*1n Example 1), were used to express and purily construct
5%, The binding profile of this construct to various Fc
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receptors was compared to that of IVIG 1n a fluorescence
resonance energy transier (FRET) competitive binding
assay.

Construct 5* displayed an overall binding profile to the
different Fcy-receptors similar to that of IVIg (with the
lowest binding athnity observed for FcyRIIb) but with
greatly enhanced binding to all low afhnity FcyRs when
compared to IVIg. Augmented binding to FcyR corresponds
to higher avidity, which refers to the cumulative effect of the
accumulated athnities of each individual binding interaction.
IC30 values for construct 5* were consistently lower than
those of IVIg, indicating striking increases in binding to low
aflinity FcyRs compared to individual IgG molecules. For
example, compared to IVIg, construct 5* displayed approxi-
mately 170 fold increased athinity FcyRIla (H131 vanant),
55 fold increased athnity for FcyRIIb.

Example 10—Inhibition of Phagocytosis in THP-1
Monocytic Cells

Construct 5* and IVIg were tested 1n a model of phago-
cytosis.

Phagocytosis 1s the process by which cells (phagocytes)
engull solid particles such as bacteria, to form an internal
vesicle known as a phagosome. In the immune system,
phagocytosis 1s a major mechanism used to remove patho-
gens and cell debris. Monocytes and macrophages are

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 46
<210>
<211>
<212>
<213>
220>

<223>

SEQ ID NO 1

LENGTH: 5

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 1
Gly Gly Gly Gly Ser
1 5

<210>
<211>
«212>
<213>
220>
<223>

SEQ ID NO 2

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 2

Gly Gly Ser Gly
1

<210>
<211>
«212>
213>
220>
<223>

SEQ ID NO 3

LENGTH: 4

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE :

OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 3

Ser Gly Gly Gly
1

<210> SEQ ID NO 4
«<211> LENGTH: 4

10
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among the cells specialized in clearing opsonized (antibody
coated) particles from the immune system through phago-
cytosis, a mechanism largely dependent on FcyR mediated
engagement. However, 1n autoimmune diseases, phagocytes
can become activated leading to the detrimental release of
pro-inflammatory cytokines or the phagocytosis of other
critical cells 1 the body. IVIg, containing pooled, polyva-
lent, IgG antibodies extracted from the plasma of over one
thousand blood donors, 1s used to treat autoimmune disease.

In this assay system, fluorescently labeled antibody-
coated latex beads, a mimic of opsonized bacteria or viruses,
were fed to THP-1 cells and allowed to be phagocytosed in
the presence and absence of construct 5* and IVIg. At the
end of the mncubation period, any external fluorescence was
quenched with trypan blue, and the amount of intracellular
fluorescence quantified by flow cytometry. All groups were
normalized to their non-treated control (THP-1 cells and
latex beads only). Results are representative of two separate

experiments.

As shown 1 FIG. 17, the phagocytosis of opsonized
beads by THP-1 monocytic cells 1s mlibited by treatment
with both IVIg and construct 5%, but the IC30 value for
construct 5* 1s approximately 100-fold lower than for IVIg.
This suggests that an Fc construct of the mvention, e.g.,
construct 5*, can be used to treat autoimmune indications, as
well as other indications that are treatable using IVIg.
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-continued

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 4

Gly Ser Gly Ser
1

<210> SEQ ID NO 5

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 5

Gly Ser Gly Ser Gly Ser
1 5

<210> SEQ ID NO 6

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: o

Gly Ser Gly Ser Gly Ser Gly Ser
1 5

<210> SEQ ID NO 7

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 7

Gly Ser Gly Ser Gly Ser Gly Ser Gly Ser
1 5 10

<210> SEQ ID NO 8

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 8

Gly Ser Gly Ser Gly Ser Gly Ser Gly Ser Gly Ser
1 5 10

<210> SEQ ID NO 9
<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Syntheic Construct

<400> SEQUENCE: 9
Gly Gly Ser Gly Gly Ser

1 5

<210> SEQ ID NO 10
<211> LENGTH: 9
«212> TYPE: PRT
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45

-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 10

Gly Gly Ser Gly Gly Ser Gly Gly Ser
1 5

<210> SEQ ID NO 11

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 11

Gly Gly Ser Gly Gly Ser Gly Gly Ser Gly Gly Ser
1 5 10

<210> SEQ ID NO 12

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 12

Gly Gly Ser Gly
1

<210> SEQ ID NO 13

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 13

Gly Gly Ser Gly
1

<210> SEQ ID NO 14

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 14

Gly Gly Ser Gly Gly Gly Ser Gly
1 5

<210> SEQ ID NO 15
<«211> LENGTH: 12
<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 15

Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly
1 5 10

<210> SEQ ID NO 16

<211l> LENGTH: b5

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
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-continued

«220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 16

Gly Gly Gly Gly Ser
1 5

<210> SEQ ID NO 17

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 17

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
1 5 10 15

<210> SEQ ID NO 18

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 18

Gly Glu Asn Leu Tyr Phe Gln Ser Gly Gly
1 5 10

<210> SEQ ID NO 19

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 19

Ser Ala Cys Tyr Cys Glu Leu Ser
1 5

<210> SEQ ID NO 20

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 20

Arg Ser Ile Ala Thr
1 5

<210> SEQ ID NO 21

<211l> LENGTH: 17

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 21

Arg Pro Ala Cys Lys Ile Pro Asn Asp Leu Lys Gln Lys Val Met Asn
1 5 10 15

His

<210> SEQ ID NO 22
<211> LENGTH: 36
«212> TYPE: PRT

48
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 22

Gly Gly Ser Ala Gly Gly Ser Gly Ser Gly Ser Ser Gly Gly Ser Ser
1 5 10 15

Gly Ala Ser Gly Thr Gly Thr Ala Gly Gly Thr Gly Ser Gly Ser Gly
20 25 30

Thr Gly Ser Gly
35

<210> SEQ ID NO 23

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 23

Ala Ala Ala Asn Ser Ser Ile Asp Leu Ile Ser Val Pro Val Asp Ser
1 5 10 15

ATrg

<210> SEQ ID NO 24

<211> LENGTH: 36

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 24

Gly Gly Ser Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu Gly Gly Gly
1 5 10 15

ser Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser Glu Gly Gly Gly Ser
20 25 30

Gly Gly Gly Ser
35

<210> SEQ ID NO 25

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 25

Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser
1 5 10

<210> SEQ ID NO 26
<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 26

sSer Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly
1 5 10 15

Ser Gly Gly Gly
20

50



51
<210> SEQ ID NO 27
<211> LENGTH: 18
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE:

277
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-continued

Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly Gly Gly Ser Gly

1 5 10

Gly Ser

<210> SEQ ID NO 28

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 28

Asp Ile Cys Leu Pro Arg Trp Gly Cys Leu Trp

1

<210>
<211l>
<212>
<213>
<400>
gacaagaccc
ttcetgttec
tgcgtggtgy
ggcgtggaag
cgggtggtgt
tgcaaagtct
ggccagcccc
aaccaggtgt
tgggagagca
gacggctcat
aacgtgttca
ctgagcctga
<210>
<211l>

<212 >
<213>

<400>

Agsp Lys Thr His Thr Cys

1

Gly Pro Ser Val Phe Leu Phe

Ile Ser Arg Thr Pro Glu Val

35

Glu Asp Pro Glu Val Lys

50

SEQUENCE :

SEQUENCE :

5

SEQ ID NO 29
LENGTH :
TYPE :
ORGANISM: Homo saplens

681

DNA

29

acacctgtcc

ceccCaaaycCcC

tggacgtgtc

tgcacaacgc

ccgtgcetgac

ccaacaaggc

gcgagccocca

ccctgaccty

acggccagcec

tcttectgta

gctgcagecgt

gccccocggcaa

SEQ ID NO 30
LENGTH :
TYPE :
ORGANISM: Homo saplens

2277
PRT

30

5

20

gccttgecect

caaggacacc

ccacgaggac

caagaccaag

cgtgctgcac

cctgectgec

ggtgtacaca

cctggtgaaa

cgagaacaac

cagcaagctyg

gatgcacgag

9

Pro Pro

Pro

Thr

40
Phe Agn
55

Trp

10

gcccecctgagce

ctgatgatca

cctgaagtga

cccagagagyg

caggactggc

cccatcgaga

ctgcccccca

ggcttctacc

tacaagacca

accgtggaca

gccctgcaca

Pro Ala

10

Pro
Val

Val

Val

tgctgggady
gcecggacccec
agttcaattg
aacagtacaa
tgaacggcaa
aaaccatcag
gccgggacga
ccagcgatat
ccecccectgt
agagccggtyg

accactacac

Pro Glu

Asp
30

Val Asp

45

ASD
60

Gly

Leu

Thr

Val

Val

15

ccccagegtyg

cgaagtgacc

gtacgtggac

cagcacctac

agaatacaag

caaggccaag

gctgaccaayg

cgccecgtggaa

gctggacagc

gcagcayyyc

ccagaagtcc

Leu
15

Gly

Leu Met

Ser His

Glu Val

60

120

180

240

300

360

420

480

540

600

660

681
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-continued

Tyr Asn Ser Thr

ASpP

Leu

AYg

Lys

140

ASpP

Ser

Ser

Ser
220

Trp

Pro

Glu
125

Asn

Tle

Thr

Cys
205

Leu

Leu

Ala

110

Pro

Gln

Ala

Thr

Leu

120

Ser

Ser

Agn

55

Pro

Gln

Val

Val

Pro

175

Thr

Val

Leu

Tyr

80

Gly

Tle

Val

Ser

Glu

160

Pro

Val

Met

Ser

Hig Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln

65 70 75

Arg Val Val Ser Val Leu Thr Val Leu His Gln

85 90

Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala
100 105

Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro

115 120
Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr
130 135

Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser

145 150 155

Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tvyr

165 170

Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tvyr
180 185

Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe

195 200
Hig Glu Ala Leu His Asn His Tyr Thr Gln Lys
210 215

Pro Gly Lys

225

<210> SEQ ID NO 31

<211> LENGTH: 681

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 31

gacaagaccc acacctgtcece gecttgecect gecccectgagc

ttcctgttee ccecccaaagece caaggacacce ctgatgatcea

tgcgtggtgg tggacgtgtce ccacgaggac cctgaagtga

ggcgtggaag tgcacaacgc caagaccaag cccagagagg

cgggtggtgt ccecgtgctgac cgtgctgcac caggactggce

tgcaaagtct ccaacaaggc cctgcecctgcce cccatcgaga

ggccagcccee gcgagceccca ggtgtacaca ctgcccccect

aaccaggtgt ccctgtggtyg cctggtgaaa ggcttctacce

tgggagagca acggccagcec cgagaacaac tacaagacca

gacggctcat tcttcecctgta cagcaagctg accgtggaca

aacgtgttca gctgcagcgt gatgcacgag gccctgcaca

ctgagcctga gccccecggcaa g

<210> SEQ ID NO 32

<211> LENGTH: 227

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 32

tgctgggadgy

gccggacccc

agttcaattg

aacagtacaa

tgaacggcaa

aaaccatcag

goodygdgacydda

ccagcgatat

CCCCCCGtgt

agagccggtyg

accactacac

ccccagegtyg

cgaagtgacc

gtacgtggac

cagcacctac

agaatacaag

caaggccaag

gctgaccaag

cgccgtggaa

gctggacagc

gcadgcagyycC

ccagaagtcc

Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly

1

5

10

15

60

120

180

240

300

360

420

480

540

600

660

681

54



Gly

Tle

Glu

His

65

ATrg

Glu

Leu

145

Trp

Val

ASpP

Hig

Pro
225

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

Pro

Ser

ASpP

50

AgSh

Val

Glu

Thr
130

Trp

Glu

Leu

Glu
210

Gly

Ser

Arg

35

Pro

Ala

Val

Thr
115

Leu

Ser

ASP

Ser

195

Ala

Val
20
Thr

Glu

Ser

Lys

100

Tle

Pro

Leu

Agn

Ser

180

ATy

Leu

SEQUENCE :

Phe

Pro

Val

Thr

Val

85

Ser

Pro

Val

Gly

165

Asp

Trp

His

SEQ ID NO 33
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

681

33

Leu

Glu

Lvs
70

Leu

Lvs

150

Gln

Gly

Gln

Agn

3

Phe
Val
Phe
55

Pro
Thr
Val
bAla
Arg
135
Gly
Pro
Ser

Gln

Hisg
215

Synthetic Construct

Pro

Thr

40

Agn

Arg

Val

Ser

Lys

120

ASP

Phe

Glu

Phe

Gly
200

Pro
25

Trp

Glu

Leu

Agn

105

Gly

Glu

ASn

Phe
185

AgSh

Thr

Val

Glu

His

90

Gln

Leu

Pro

Agn

170

Leu

Val

Gln

US 10,239,944 B2

Pro

Val

Val

Gln

75

Gln

Ala

Pro

Thr

Ser
155

Phe

-continued

Lys

Val

ASDP

60

ASpP

Leu

ATYg

Lys

140

ASP

Ser

Ser

Ser
220

Asp

Asp

45

Gly

Agh

Trp

Pro

Glu

125

Asn

Ile

Thr

Cys
205

Leu

Thr

30

Val

Val

Ser

Leu

Ala

110

Pro

Gln

Ala

Thr

Leu

120

Ser

Ser

Leu

Ser

Glu

Thr

Agn

o5

Pro

Gln

Val

Val

Pro

175

Thr

Val

Leu

Met

His

Val

Tyzr

80

Gly

Ile

Val

Ser

Glu

160

Pro

Val

Met

Ser

gacaagaccc

ttcctgttec

tgegtggtygyg

ggcgtggaag

cgggtggtgt

tgcaaagtct

ggccagcccc

aaccaggtgt

tgggagagca

gacggctcat

aacgtgttca

ctgagcctga

acacctgtcc

ccccaaaycCc

tggacgtgtc

tgcacaacgc

ccgtgcetgac

ccaacaaggc

gcgagcecocca

ccctgagcetyg

acggccagcec

tcttectggt

gctgcagegt

gcccoggcaa

<210> SEQ ID NO 34

gccttgcecect

caaggacacc

ccacgaggac

caagaccaag

cgtgctgcac

cctgectgec

agtgtgtaca

cgccgtgaaa

cgagaacaac

tagcaagctyg

gatgcacgag

9

gcccecctgagce

ctgatgatca

cctgaagtga

cccagagagyg

caggactggc

cccatcgaga

ctgcccecca

ggcttctacc

tacaagacca

accgtggaca

gccctgcaca

tgctgggagy

gccggacccec

agttcaattg

aacagtacaa

tgaacggcaa

aaaccatcag

gccggdacda

ccagcgatat

CCCCCCCtgt

agagccggtyg

accactacac

ccccagegtyg

cgaagtgacc

gtacgtggac

cagcacctac

agaatacaag

caaggccaag

gctgaccaag

cgccgtggaa

gctggacagc

gcadgcaydyycC

ccagaagtcc

60

120

180

240

300

360

420

480

540

600

660

681

56



<211>
<212 >
<213>
220>
<223 >

<400>

LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

PRT

SEQUENCE :

Asp Lys Thr His

1

Gly

ITle

Glu

Hig

65

ATrg

Glu

Leu

145

Trp

Val

ASP

His

Pro
225

<210>
<211>
<«212>
<213>
<220>
<223 >

<400>

Pro

Ser

ASpP

50

Agn

Val

Glu

Thr
120

Ser

Glu

Leu

Glu
210

Gly

Ser

ATy

35

Pro

Ala

Val

Thr
115

Leu

Ser

ASP

Ser

195

Ala

Val
20
Thr

Glu

Ser

Lys

100

Ile

Pro

Ala

Agn

Ser

180

ATg

Leu

SEQUENCE :

2277

34

Thr

5

Phe

Pro

Vval

Thr

Val

85

Ser

Pro

Val

Gly

165

AsSp

Trp

His

SEQ ID NO 35
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

681

35

Leu

Glu

Lys
70

Leu

Ser

Lys

150

Gln

Gly

Gln

ASh

S7

Synthetic Construct

Pro

Phe

Val

Phe

55

Pro

Thr

Val

Ala

Arg

135

Gly

Pro

Ser

Gln

His
215

Synthetic Construct

Pro

Pro

Thr

40

Agn

ATy

Val

Ser

Lys

120

ASDP

Phe

Glu

Phe

Gly
200

Trp

Glu

Leu

ASn

105

Gly

Glu

Agn

Phe
185

Agn

Thr

Pro
10

Val

Glu

His

50

Gln

Leu

Pro

Agn

170

Leu

Val

Gln
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Ala

Pro

Val

Val

Gln

75

Gln

Ala

Pro

Thr

Ser

155

Val

Phe

-continued

Pro

Val

ASpP

60

ASpP

Leu

ATYg

Lys

140

ASpP

Ser

Ser

Ser
220

Glu

Asp

Asp

45

Gly

Asn

Trp

Pro

Glu

125

AsSn

Tle

Thr

Cys
205

Leu

Leu

Thr

30

Val

Val

Ser

Leu

Ala

110

Pro

Gln

Ala

Thr

Leu

120

Ser

Ser

Leu

15

Leu

Ser

Glu

Thr

Agn

55

Pro

Gln

Val

Val

Pro

175

Thr

Val

Leu

Gly

Met

Hig

Val

Tyr

80

Gly

Tle

Val

Ser

Glu

160

Pro

Val

Met

Ser

gacaagaccc

ttectgttec

tgcegtggtgyg

ggcgtggaag

cgggtggtgt

tgcaaagtct

ggccagcccc

aaccaggtgt

acacctgtcc

ccccaaagcCcc

tggacgtgtc

tgcacaacgc

ccgtgcetgac

ccaacaaggc

gcgagccocca

ccctgacctyg

gccttgecect

caaggacacc

ccacgaggac

caagaccaag

cgtgctgcac

cctgectygec

ggtgtacaca

cctggtgaaa

gcccecctgagce

ctgatgatca

cctgaagtga

cccagagagyg

caggactggc

cccatcgaga

ctgcccccca

ggcttctacc

tgctgggagy

gccggacccc

agttcaattg

aacagtacaa

tgaacggcaa

aaaccatcag

gccggdgacda

ccagcgatat

ccccagegtyg

cgaagtgacc

gtacgtggac

cagcacctac

agaatacaag

caaggccaag

gctgaccaayg

cgccgtggaa

60

120

180

240

300

360

420

480
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59

-contilnued
tgggagagca acggccagcec cgagaacaac tacaagacca ccceccceccectgt gectgaaaagce 540
gacggctcat tcttcecctgta cagcgacctg accgtggaca agagccecgdgtg gcagcagggc 600
aacgtgttca gctgcagcegt gatgcacgag gccctgcaca accactacac ccagaagtcecce 660
ctgagcctga gcccecggcaa g 681
<210> SEQ ID NO 36
<211> LENGTH: 227
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 356
Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly
1 5 10 15
Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met
20 25 30
Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Agp Val Ser His
35 40 45
Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val
50 55 60
Hig Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr
65 70 75 80
Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly
85 90 o5
Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile
100 105 110
Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val
115 120 125
Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser
130 135 140
Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu
145 150 155 160
Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro
165 170 175
Val Leu Lys Ser Asp Gly Ser Phe Phe Leu Tyr Ser Asp Leu Thr Val
180 185 190
Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met
195 200 205
Hig Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser
210 215 220
Pro Gly Lys
225
<210> SEQ ID NO 37
<211> LENGTH: 1398
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic Construct
<400> SEQUENCE: 37
gacaagaccc acacctgtcecce cceccttgccect gcecceccectgage tgcectgggagg ccecccagcegtg 60
ttcctgttee ccecccaaagece caaggacacce ctgatgatca geccecggacccecce cgaagtgacce 120
tgcgtggtgg tggacgtgtce ccacgaggac cctgaagtga agttcaattg gtacgtggac 180



ggcgtggaag
cgggtggtgt
tgcaaggtgt
ggccagcccc
aaccaggtct
tgggagagca
gacggctcat
aacgtgttca
ctgagcctga
aagacccata
ctgtttccac
gtggtggtcyg
gtcgaggtcc
gtcgtcagcy
aaagtgtcta
cagcccagag
caggtgtcac
gaatccaatyg
ggctcatttt
gtgttttcct
tccectgtece
<210>
<211l>
<212>

<213>
<220>

tgcacaacgc
ccgtgcetgac
ccaacaaggc
gcgagccocca
ccctgaccty
acggccagcec
tcttectgta
gctgcagegt
gccceccocggcaa
cctgecctcec
ctaagcctaa
atgtgtctca
acaatgccaa
tgctgacagt
acaaagctct
aacctcaggt
tgacatgtct
ggcagcctga
ttctgtacte
gctctgtgat

ccggcaag

SEQ ID NO 38
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:

166
PRT

61

caagaccaag
cgtgctgcac
cctgeccetgec
ggtctacaca
cctggtgaaa
cgagaacaac
cagcaagctyg
gatgcacgag
aggcggyggygga
ctgtccecgcet
ggatacgctc
tgaagatccc
aacaaagcct
ccttcecatcag
gcccecgetect
gtacaccctyg
ggtgaaaggg
aaacaattat
taaactgaca

gcatgaagct
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cccagagagyg
caggactggc
cccatcgaga
ctgcccecccea
ggcttctacc
tacaagacca
accgtggaca
gccectgcaca
tctgggggag
cccgaactgc
atgatctcca
gaagtcaagt
cgggaagaac
gattggctga
atcgaaaaga
ccaccctcecea
CCLLtatccct
aagacaacac
gtggataagt

ctgcataatc

-continued

aacagtacaa

tcaacggcaa

aaaccatcag

gcgygdgacda

ccagcgatat

cceccecectgt

agagccggtyg

accactacac

gaagcggagy

tggggggacc

gaacccctga

ttaactggta

agtataactc

atgggaaaga

ccatctccaa

gagatgagct

ccgacattgce

ctcececgtget

ccagatggca

actatacaca

cagcacctac

agagtacaag

caaggccaag

gctgaccaag

cgccecgtggaa

gctggacagc

gcadcagdgycC

ccagaagtcc

cggcagcgat

ctcegtgttt

agtcacatgt

tgtggatggyg

cacctacaga

gtacaaatgt

agccaaaggyg

gacaaaaaat

tgtggaatgg

ggactccgat

gcagggaaat

gaaaagcctyg

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1398

<223 >

<400>

SEQUENCE :

Agsp Lys Thr His

1

Gly

Tle

Glu

His

65

Arg

Glu

Pro

Sexr

ASpP

50

Agn

Val

Glu

Thr
120

Ser

35

Pro

Ala

Val

Thr
115

Leu

Val
20
Thr

Glu

Ser

Lys

100

Ile

Pro

38

Thr

5

Phe

Pro

Vval

Thr

Vval

85

Ser

Pro

OTHER INFORMATION:

Leu

Glu

Lys
70

Leu

Ser

Synthetic Construct

Pro

Phe

Val

Phe

55

Pro

Thr

Val

Ala

Arg
135

Pro

Pro

Thr

40

Agn

ATy

Val

Ser

Lys

120

ASDP

Trp

Glu

Leu

Agn

105

Gly

Glu

Pro
10

Val

Glu

His
S0

Gln

Leu

Ala

Pro

Val

Val

Gln

75

Gln

Ala

Pro

Thr

Pro

Val

ASpP
60

ASD

Leu

ATYJ

Lys
140

Glu

Asp

Asp

45

Gly

Asn

Trp

Pro

Glu

125

AsSn

Leu

Thr

30

Val

Val

Ser

Leu

Ala
110

Pro

Gln

Leu

15

Leu

Ser

Glu

Thr

Agn

55

Pro

Gln

Val

Gly

Met

His

Val

Tyr

80

Gly

Tle

Val

Ser

62



Leu

145

Trp

Val

ASP

His

Pro

225

Pro

Ser

ASpP

Agn

305

Val

Glu

Thr
Thr
385

Glu

Leu

Glu

Gly
465

<210>
<211>
<«212>
<213>
<«220>

Thr

Glu

Leu

Glu

210

Gly

Thr

Ser

Arg

Pro

290

2la

Val

Thr

Leu

370

Ser

ASpP

Ser

2la
450

Ser

ASP

Ser

195

Ala

His

Val

Thr

275

Glu

Ser

Tle

355

Pro

Leu

Agn

Ser

Arg

435

Leu

Leu

Agn

Ser

180

ATg

Leu

Gly

Thr

Phe

260

Pro

Val

Thr

Val

Cys

340

Ser

Pro

Val

Gly

ASP

420

Trp

His

Val

Gly

165

Asp

Trp

Hig

Gly

Cys

245

Leu

Glu

Leu
325

Ser

Gln
405
Gly

Gln

AsSn

SEQ ID NO 39
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

1422

Lys

150

Gln

Gly

Gln

AsSn

Gly

230

Pro

Phe

Val

Phe

Pro

310

Thr

Val

Ala

ATg

Gly

390

Pro

Ser

Gln

Hisg

63

Gly
Pro
Ser
Gln
Hig
215
Ser
Pro
Pro
Thr
Asn
295
Arg

Val

Ser

Asp
375
Phe
Glu
Phe

Gly

Tvyr
455

Phe

Glu

Phe

Gly
200

Pro

Cys

280

Trp

Glu

Leu

Agh

Gly
360

Glu

Agn

Phe

Agn
440

Thr

Agn

Phe

185

Agn

Thr

Gly

Pro

Lys

265

Val

Glu

His

Lys

345

Gln

Leu

Pro

Agn

Leu

425

Val

Gln

Pro

Agn

170

Leu

Val

Gln

Gly

ala

250

Pro

Val

Val

Gln

Gln

330

Ala

Pro

Thr

Ser

Tyr

410

Phe

US 10,239,944 B2

Ser
155

Phe

Ser
235

Pro

Val

ASD

Tyr

315

ASDP

Leu

ATrg

ASp

395

Ser

Ser

Ser

-continued

Asp Ile Ala Val

Lys

Ser

Ser

Ser

220

Gly

Glu

ASD

ASpP

Gly

300

AsSn

Trp

Pro

Glu

Asn

380

Tle

Thr

Leu
460

Thr

Cys

205

Leu

Gly

Leu

Thr

Val

285

Val

Ser

Leu

Ala

Pro

365

Gln

Ala

Thr

Leu

Ser

445

Ser

Thr

Leu

120

Ser

Ser

Gly

Leu

Leu

270

Ser

Glu

Thr

Agn

Pro

350

Gln

Val

Val

Pro

Thr

430

Val

Leu

Pro

175

Thr

Val

Leu

Ser

Gly

255

Met

His

Val

Gly

335

Tle

Val

Ser

Glu

Pro

415

Val

Met

Ser

Glu
160

Pro

Val

Met

Ser

ASDP

240

Gly

Tle

Glu

Hig

Arg

320

Glu

Leu

Trp

400

Val

ASpP

His

Pro

64

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 39

gacaagaccce acacctgtcecce cecttgcecca gcoccectgage tgcectgggagyg ccccagegtyg 60

ttcctgttee ccccaaagece caaggacacce ctgatgatca gceccggacccece cgaagtgacc 120

tgcgtggtgg tggacgtgtce ccacgaggac cctgaagtga agttcaattg gtacgtggac 180



ggcgtggaag
cgggtggtgt
tgcaaggtgt
ggccagcccc
aaccaggtgt
tgggagagca
gacggctcat
aacgtgttca
ctgagcctga
ggtggtggaa
ctgctggggy
tccagaaccc
aagtttaatt
gaacagtata
ctcaatggga
aagaccatct
agccgggacyg
ccctecgaca
acgcctccag
aagtccagat
aatcactata
<210>
<211>
<212>

<213>
<220>

tgcacaacgc

ccgtgcetgac

ccaacaaggc

gcgagccocca

ccetgtggty

acggccagcec

tcttectgta

gctgcagegt

gccceccocggcaa

gceggaggeddy

gaccctccgt

ctgaagtcac

ggtatgtcga

actccacata

aagagtacaa

ccaaagccada

agctgacaaa

ttgccgtcecga

tgctgaagtc

gycagcaady

cccagaaaag

SEQ ID NO 40
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:

4°74
PRT

65

caagaccaag
cgtgctgcac
cctgectgcec
ggtgtacacc
cctggtcaag
cgagaacaac
cagcaagctg
gatgcacgag
gtctggggga
cgataagaca
gtttetgttt
atgtgtggtyg
tggggtcgag
cagagtggtyg
atgtaaagtc
agggcagccc
aaatcaagtg
gtgggagtcce
cgacggcagc
gaatgtgttc

cctgteccty

US 10,239,944 B2

cccagagagyg
caggactggc
cccatcgaga
ctgccceectt
ggcttctacc
tacaagacca
accgtggaca
gccectgcaca
ggatcagggyg
cacacatgcc
ccacctaagc
gtcgatgtgt
gtgcacaatg
tctgtcoctcea
tctaacaagy
agagaacctc
tctctgacct
aatggacagc
CCCtttctgt
tcctgttecy

tcecectggea

-continued

aacagtacaa

tgaacggcaa

aaaccatcag

gcagagatga

ccagcgatat

cceccecectgt

agagccggtyg

accactacac

gtggaagtgg

CCCCCtgtCC

ctaaggatac

ctcatgaaga

ccaaaacdaad

cagtcctgca

CtCtCCCCgC

aggtctacac

gcctcegtgaa

cggaaaacaa

actccgacct

tgatgcatga

agy

cagcacctac

agagtacaag

caaggccaag

gctgaccaag

cgccecgtggaa

gctggacagc

gcadcagdgycC

ccagaagtcc

cggtggatct

agctcccgaa

gctcatgatc

tcccgaagtce

acctcgggaa

tcaggattgyg

tccgatcgaa

actgcctccc

gggcttttat

ctataagacc

gacagtggat

agccectcecat

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1422

<223 >

<400>

SEQUENCE :

Agsp Lys Thr His

1

Gly

Tle

Glu

His

65

Arg

Glu

Pro

Sexr

ASpP

50

Agn

Val

Glu

Thr
120

Ser

35

Pro

Ala

Val

Thr
115

Leu

Val
20
Thr

Glu

Ser

Lys

100

Ile

Pro

40

Thr

5

Phe

Pro

Vval

Thr

Vval

85

Ser

Pro

OTHER INFORMATION:

Leu

Glu

Lys
70

Leu

Synthetic Construct

Pro

Phe

Val

Phe

55

Pro

Thr

Val

Ala

Arg
135

Pro

Pro

Thr

40

Agn

ATy

Val

Ser

Lys

120

ASDP

Trp

Glu

Leu

Agn

105

Gly

Glu

Pro
10

Val

Glu

His
S0

Gln

Leu

Ala

Pro

Val

Val

Gln

75

Gln

Ala

Pro

Thr

Pro

Val

ASpP
60

ASD

Leu

ATYJ

Lys
140

Glu

Asp

Asp

45

Gly

Asn

Trp

Pro

Glu

125

AsSn

Leu

Thr

30

Val

Val

Ser

Leu

Ala
110

Pro

Gln

Leu

15

Leu

Ser

Glu

Thr

Agn

55

Pro

Gln

Val

Gly

Met

His

Val

Tyr

80

Gly

Tle

Val

Ser

06



Leu

145

Trp

Val

ASP

His

Pro

225

Gly

Pro

Val
Tyr
305

Glu

His

Gln

Leu

385

Pro

AsSn

Leu

Val

Gln
465

<210>
<211>
<«212>
<213>
<«220>

Trp

Glu

Leu

Glu

210

Gly

Gly

2la

Pro

Val

290

Val

Gln

Gln

2la

Pro

370

Thr

Ser

Phe
450

Ser

ASP

Ser

195

Ala

Gly

Pro

Lys

275

Val

ASP

ASP

Leu
355

Ser
435

Ser

Ser

Leu

Agn

Ser

180

ATg

Leu

Ser

Ser

Glu

260

ASP

ASP

Gly

Agn

Trp

340

Pro

Glu

Agn

Tle

Thr

420

ASDP

Leu

Val

Gly

165

Asp

Trp

Hig

Gly

Gly

245

Leu

Thr

Val

Vval

Ser

325

Leu

Ala

Pro

Gln

2la

405

Thr

Leu

Ser

Ser

SEQ ID NO 41
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

1422

Lys

150

Gln

Gly

Gln

AsSn

Gly

230

Gly

Leu

Leu

Ser

Glu

310

Thr

ASh

Pro

Gln

Vval

390

Val

Pro

Thr

Val

Leu
470

67

Gly

Pro

Ser

Gln

Hig

215

Gly

Gly

Gly

Met

Hig

295

Val

Gly

Tle

Val

375

Ser

Glu

Pro

Val

Met

455

Ser

Phe

Glu

Phe

Gly

200

Ser

ASP

Gly

Tle

280

Glu

His

ATy

Glu

360

Leu

Trp

Val

ASDP

440

His

Pro

Agn

Phe
185
Agn

Thr

Gly

Pro

265

Ser

ASP

Agn

Val

Glu

345

Thr

Thr

Glu

Leu

425

Glu

Gly

Pro

Agn

170

Leu

Val

Gln

Gly

Thr

250

Ser

Pro

2la

Val

330

Thr

Leu

Ser
4710

Ser

2la

US 10,239,944 B2

Ser
155

Phe

Gly

235

His

Val

Thr

Glu

Liys

315

Ser

ITle

Pro

Leu

395

Agn

Ser

Arg

Leu

-continued

Asp Ile Ala Val

Lys

Ser

Ser

Ser

220

Ser

Thr

Phe

Pro

Val

300

Thr

Val

Ser

Pro

380

Val

Gly

ASP

Trp

Hig
460

Thr

Cys
205

Leu

Gly

Leu

Glu
285

Leu

Lys
365

Ser

Gln

Gly

Gln

445

AsSn

Thr

Leu

120

Ser

Ser

Gly

Pro

Phe

270

Val

Phe

Pro

Thr

Val

350

Ala

ATg

Gly

Pro

Ser

430

Gln

His

Pro

175

Thr

Val

Leu

Gly

Pro

255

Pro

Thr

Agn

Arg

Val

335

Ser

ASP

Phe

Glu

415

Phe

Gly

Glu
160

Pro

Val

Met

Ser

Ser

240

Pro

Trp

Glu

320

Leu

Agh

Gly

Glu

Tyr

400

Agn

Phe

Agn

Thr

08

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 41

gacaagaccce acacctgtcece cecttgecect geoccectgage tgcectgggagyg ccccagegtyg 60

ttcctgttee ccccaaagece caaggacacce ctgatgatca gceccggacccece cgaagtgacc 120

tgcgtggtgg tggacgtgtce ccacgaggac cctgaagtga agttcaattg gtacgtggac 180



ggcgtggaag
cgggtggtgt
tgcaaggtgt
ggccagcccc
aaccaggtgt
tgggagagca
gacggctcat
aacgtgttca
ctgagcctga
ggtggtggaa
ctgctggggy
tccagaaccc
aagtttaact
gaacagtata
ctcaatggga
aagaccatct
tgtcgggacyg
ccttecgaca
acacctcccg
aagtccagat
aatcactata
<210>
<211>
<212>

<213>
<220>

tgcacaacgc

ccgtgcetgac

ccaacaaggc

gcgagccocca

ccetgtggty

acggccagcec

tcttectgta

gctgcagegt

gccceccocggcaa

gceggaggeddy

gaccctccgt

ctgaagtcac

ggtatgtgga

actccaccta

aagagtataa

ccaaagccada

agctgacaaa

ttgctgtgga

tgctggactc

ggcagcagygy

cacagaaaag

SEQ ID NO 42
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:

4°74
PRT

69

caagaccaag
cgtgctgcac
cctgeccetgec
ggtgtacacc
cctggtcaag
cgagaacaac
cagcaagctyg
gatgcacgag
gtctggggga
cgataagaca
gtttetgttt
atgtgtggtyg
tggggtcgag
cagagtcgtc
gtgtaaagtc
agggcagccc
aaatcaggtyg
atgggaatcc
cgatggctca
aaatgtgttt

cctgteccty

US 10,239,944 B2

cccagagagyg
caggactggc
cccatcgaga
ctgccceectt
ggcttctacc
tacaagacca
accgtggaca
gccectgcaca
ggatcagggyg
cacacatgcc
ccacctaagc
gtcgatgtgt
gtccacaatg
agcgtgctga
tcgaacaaag
agagaacctc
tcactgtggt
aatgggcagc
CCCCttcCctgt
tcctgetcetyg

tcecectggea

-continued

aacagtacaa

tgaacggcaa

aaaccatcag

gcagagatga

ccagcgatat

cceccecectgt

agagccggtyg

accactacac

gtggaagtgg

CCCCCtgtCC

ctaaggatac

ctcatgaaga

ccaaaacdaad

cagtcctgca

CCCtCCCCgC

aggtctacac

gtctggtgaa

ctgaaaacaa

actctaaact

tgatgcatga

agy

cagcacctac

agagtacaag

caaggccaag

actgaccaag

cgccecgtggaa

gctggacagc

gcadcagdgycC

ccagaagtcc

cggtggatct

agctcccgaa

gctcatgatc

tcccgaagtce

gcctcegggaa

tcaagattgg

tcctatcgaa

actgcctcca

ggggttttac

tCtataagaca

gacagtggat

agctcectygcat

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1422

<223 >

<400>

SEQUENCE :

Agsp Lys Thr His

1

Gly

Tle

Glu

His

65

Arg

Glu

Pro

Sexr

ASpP

50

Agn

Val

Glu

Thr
120

Ser

35

Pro

Ala

Val

Thr
115

Leu

Val
20
Thr

Glu

Ser

Lys

100

Ile

Pro

42

Thr

5

Phe

Pro

Vval

Thr

Vval

85

Ser

Pro

OTHER INFORMATION:

Leu

Glu

Lys
70

Leu

Synthetic Construct

Pro

Phe

Val

Phe

55

Pro

Thr

Val

Ala

Arg
135

Pro

Pro

Thr

40

Agn

ATy

Val

Ser

Lys

120

ASDP

Trp

Glu

Leu

Agn

105

Gly

Glu

Pro
10

Val

Glu

His
S0

Gln

Leu

Ala

Pro

Val

Val

Gln

75

Gln

Ala

Pro

Thr

Pro

Val

ASpP
60

ASD

Leu

ATYJ

Lys
140

Glu

Asp

Asp

45

Gly

Asn

Trp

Pro

Glu

125

AsSn

Leu

Thr

30

Val

Val

Ser

Leu

Ala
110

Pro

Gln

Leu

15

Leu

Ser

Glu

Thr

Agn

55

Pro

Gln

Val

Gly

Met

His

Val

Tyr

80

Gly

Tle

Val

Ser

70



Leu

145

Trp

Val

ASP

His

Pro

225

Gly

Pro

Val
Tyr
305

Glu

His

Gln

Leu

385

Pro

AsSn

Leu

Val

Gln
465

<210>
<211>
<«212>
<213>
<«220>

Trp

Glu

Leu

Glu

210

Gly

Gly

2la

Pro

Val

290

Val

Gln

Gln

2la

Pro

370

Thr

Ser

Phe
450

Ser

ASP

Ser

195

Ala

Gly

Pro

Lys

275

Val

ASP

ASP

Leu
355

Ser
435

Ser

Ser

Leu

Agn

Ser

180

ATg

Leu

Ser

Ser

Glu

260

ASP

ASP

Gly

Agn

Trp

340

Pro

Glu

Agn

Tle

Thr
420

Leu

Val

Gly

165

Asp

Trp

Hig

Gly

Gly

245

Leu

Thr

Val

Vval

Ser

325

Leu

Ala

Pro

Gln

2la

405

Thr

Leu

Ser

Ser

SEQ ID NO 43
LENGTH :
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

1365

Lys

150

Gln

Gly

Gln

AsSn

Gly

230

Gly

Leu

Leu

Ser

Glu

310

Thr

ASh

Pro

Gln

Vval

390

Val

Pro

Thr

Val

Leu
470

71

Gly
Pro
sSer
Gln
His
215
Gly
Gly
Gly
Met
His

295

Val

Gly
Ile
Val
375
Ser
Glu
Pro
Val
Met

455

Ser

Phe

Glu

Phe

Gly

200

Ser

ASP

Gly

Tle

280

Glu

His

ATy

Glu

360

Leu

Trp

Val

ASDP

440

His

Pro

Agn

Phe
185
Agn

Thr

Gly

Pro

265

Ser

ASP

Agn

Val

Glu

345

Thr

Trp

Glu

Leu

425

Glu

Gly

Pro

Agn

170

Leu

Val

Gln

Gly

Thr

250

Ser

Pro

2la

Val

330

Thr

Leu

Ser
4710

ASpP

Ser

2la

US 10,239,944 B2

Ser
155

Phe

Gly

235

His

Val

Thr

Glu

Liys

315

Ser

ITle

Pro

Leu

395

Agn

Ser

Arg

Leu

-continued

Asp Ile Ala Val

Lys

Ser

Ser

Ser

220

Ser

Thr

Phe

Pro

Val

300

Thr

Val

Ser

Pro

380

Val

Gly

ASP

Trp

Hig
460

Thr

Cys
205

Leu

Gly

Leu

Glu
285

Leu

Lys
365

Gln

Gly

Gln

445

AsSn

Thr

Leu

120

Ser

Ser

Gly

Pro

Phe

270

Val

Phe

Pro

Thr

Val

350

Ala

ATg

Gly

Pro

Ser

430

Gln

His

Pro

175

Thr

Val

Leu

Gly

Pro

255

Pro

Thr

Agn

Arg

Val

335

Ser

ASP

Phe

Glu

415

Phe

Gly

Glu
160

Pro

Val

Met

Ser

Ser

240

Pro

Trp

Glu

320

Leu

Agh

Gly

Glu

Tyr

400

Agn

Phe

Agn

Thr

72

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 43

aggacagtgg ccgctceccag cgtgttcate ttceccaccceca gcgacgagca gctgaagtec 60

ggcacagcca gcgtggtcectyg cctgctgaac aacttctacce ccoccgcecgaggce caaggtgcag 120

tggaaggtgg acaacgccct gcagagcggce aacagccagg aaagcgtcac cgagcaggac 180



agcaaggact
aagcacaagg
agcttcaaca
ggaagcdyggag
aagagcacat
ccegtgaccy
gtgctgcaga
ctgggcaccc
aagcgggtgg
gaactgctgg
atcagccgga
gtgaagttca
gaggaacagt
tggctgaacy
gagaaaacca
cccagcecggy
taccccteceyg
accacccccec
gacaagagcc
cacaaccact
<210>
<211l>
<212>
<213>

<220>
<223 >

ccacctacag

tgtacgcctyg

gaggcgagtyg

gcagcgctag

ctggcggaac

tgtcctggaa

gcagcggcect

agacctacat

aacccaagag

gcggacctag

ccccoccgaagt

attggtacgt

acadacagcCcac

gcaaagagta

tcagcaaggc

acgagctgac

atatcgccgt

ctgtgctgga

ggtggcagca

acacccaddaa

SEQ ID NO 44
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

455
PRT

<400> SEQUENCE: 44

73

cctgtcetage
cgaagtgacc
cggcggctcet
cacaaagggc
agccgeccty
ctctggecgcec
gtactcccty
ctgcaacgtyg
ctgcgacaag
cgtgttcctyg
gacctgcgtyg
ggacggcgtyg
ctaccgggtyg
caagtgcaag
caagggccag

caagaaccag

ggaatgggag

ctccgacggc

gggcaacgtg

gtccctgagce

US 10,239,944 B2

accctgaccc

caccagggcc

ggcggaggat

ccecteegtgt

ggctgcctgg

ctgaccagcy

agcagcgtgg

daaccacaddcC

acccacacgt

ttcceceeccaa

gtggtggacyg

gaagtgcaca

gtgtccgtgce

gtctccaaca

ccococgagagc

gtgtccctga

agcaacggcc

tcattcttcec

ttcagctgcet

ctgagccccy

Synthetic Construct

-continued

tgagcaaggc
tgtccagccec
cCcygygggygagygy
tcceccetgge
tgaaagacta
gcgtgcacac
tgacagtgcc
ccagcaacac
gtcccececcectyg
agcccaagga
tgtcccacga
atgccaagac
tgaccgtgct
aggccctgec
cccaggtgta
cctgtetggt
agcccgagaa
tgtacagcaa
ccgtgatgcea

gcaaa

cgactacgag

cgtgaccaag

atcaggcggc

ccccagcagce

cttcceccecgag

Ctttccagcc

tagcagcagc

caaagtggac

cccagcccct

caccctgatg

ggaccctgaa

caagcccaga

gcaccaggac

tgcccccatc

cacactgccc

gaaaggcttc

caactacaag

gctgaccgty

cgaggccctyg

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1365

Arg Thr Val Ala

1

Gln

Ser

Thr
65

Pro

Gly

Gly
145

Leu

Pro

Gly
50

Hig

Val

Ser

Gly
130

Gly

Lys
Arg
35

Agn

Ser

Thr

Gly
115

Pro

Thr

Ser
20

Glu

Ser

Leu

Val

Lys

100

Gly

Ser

Ala

Ala

5

Gly

2la

Gln

Ser

Tyr

85

Ser

Gly

Val

2la

Pro

Thr

Glu

Ser
70

Ala

Phe

Ser

Phe

Leu
150

Ser

Ala

Val

Ser

55

Thr

Asn

Gly

Pro
135

Gly

Val

Ser

Gln
40
Val

Leu

Glu

Arg

Gly

120

Leu

Phe

Val

25

Trp

Thr

Thr

Val

Gly

105

Gly

Ala

Leu

Tle
10

Val

Glu

Leu

Thr

S0

Glu

Ser

Pro

Val

Phe

Val

Gln

Ser
75

His

Gly

Ser

Liys
155

Pro

Leu

ASD

ASpP

60

Gln

Gly

Gly

Ser

140

ASD

Pro

Leu

AsSn

45

Ser

Ala

Gly

Gly

Ser
125

Ser

Agn
30

Ala

ASP

Leu

Ser
110

Ala

Ser

Phe

ASP
15

Agn

Leu

ASpP

Ser

S5

Gly

Ser

Thr

Pro

Glu

Phe

Gln

Ser

Glu
80

Ser

Gly

Thr

Ser

Glu
160

74



Pro

Thr

Val

ASh

Pro

225

Glu

ASp

ASP

Gly

Agn

305

Trp

Pro

Glu

AsSn

Tle

385

Thr

Leu

<210>
<211>
<212>
<213>
<220>
<223>

Val

Phe

Val

Val

210

Leu

Thr

Val

Val

290

Ser

Leu

Ala

Pro

Gln

370

2la

Thr

Leu

Ser

Ser
450

Thr

Pro

Thr

195

AgSh

Ser

Leu

Leu

Ser

275

Glu

Thr

Agn

Pro

Gln

355

Val

Val

Pro

Thr

Val

435

Leu

Val
Ala
180

Val

His

Gly
Met
260

His

Val

Gly

Tle

340

Val

Ser

Glu

Pro

Val
420

Met

Ser

PRT

<400> SEQUENCE:

Ser
165
Vval

Pro

AsSp

Gly

245

Tle

Glu

Hig

Arg

Lys

325

Glu

Leu

Trp

Val

405

AsSp

His

Pro

SEQ ID NO 45
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

2277

45

Trp

Leu

Ser

Pro

Lys

230

Pro

Ser

ASpP

AsSn

Val

310

Glu

Thr

Thr

Glu

390

Leu

Glu

Gly

Agsp Lys Thr His Thr Cys

1

5

7S

Asn
Gln
Ser
sSer
215
Thr
Ser
Arg
Pro
Ala

295

Val

Thr
Leu
Cys
375
Ser
AsSp
Ser

Ala

Lys
455

Synthetic Construct

Pro

Gly Pro Ser Val Phe Leu Phe

20

Ile Ser Arg Thr Pro Glu Val

35

Glu Asp Pro Glu Val Lys

50

Phe
55

Ser

Ser

Ser

200

Agh

His

Val

Thr

Glu

280

Ser

Tle

Pro

360

Leu

Agn

Ser

Arg

Leu
440

Pro

Pro

Thr
40

Agn

Gly
Ser
185

Leu

Thr

Thr

Phe

Pro

265

Val

Thr

Val

Ser

345

Pro

Val

Gly

ASP

Trp

425

His

Trp

Ala
170
Gly

Gly

Leu
250

Glu

Leu
Lys

330

Ser

Gln
Gly
410

Gln

Agn

Pro
10

Val

US 10,239,944 B2

Leu

Leu

Thr

Val

Pro

235

Phe

Val

Phe

Pro

Thr

315

Val

Ala

ATrg

Gly

Pro

395

Ser

Gln

His

Ala

Pro

Val

Val

-continued

Thr

Gln

ASDP

220

Pro

Pro

Thr

Asn

ATYg

300

Val

Ser

ASpP

Phe

380

Glu

Phe

Gly

Pro

Lys

Val

ASD
60

Ser

Ser

Thr

205

Lys

Pro

Trp

285

Glu

Leu

Asn

Gly

Glu

365

AsSn

Phe

Agh

Thr
445

Glu

Asp

Asp

45

Gly

Gly

Leu

120

Arg

Pro

Val

270

Glu

His

Gln

350

Leu

Pro

Agn

Leu

Val

430

Gln

Leu

Thr
30

Val

Val

Val

175

Ser

Ile

Val

2la

Pro

255

Val

Val

Gln

Gln

2la

335

Pro

Thr

Ser

Tyr
415

Phe

Leu
15

Leu

Ser

Glu

Hig

Ser

Glu

Pro

240

Val

ASpP

ASDP
320

Leu

Arg

ASpP
Lys
400

Ser

Ser

Ser

Gly

Met

Hig

Val

76



His
65

Arg

Glu

Leu

145

Trp

Val

ASpP

Hig

Pro
225

<210>
<211>
«212>
<213>
<220>
<223>

<400>

Agn

Val

Glu

Thr
120

Ser

Glu

Leu

Glu
210

Gly

Ala

Val

Thr
115

Leu

Ser

ASP

Ser

195

Ala

Ser

Lys

100

Tle

Pro

Ala

Agn

Ser

180

ATy

Leu

PRT

SEQUENCE :

Asp Lys Thr His

1

Gly

Tle

Glu

Hig

65

ATrg

Glu

Leu
145

Trp

Val

Pro

Ser

ASpP

50

Agn

Val

Glu

Thr
120

Trp

Glu

Leu

sSer
ATrg
35

Pro

Ala

Val

Thr
115

Leu

Ser

ASP

Val
20
Thr

Glu

Ser

Lys

100

Ile

Pro

Leu

Agn

Ser
180

Thr

Vval

85

Ser

Pro

Val

Gly

165

Asp

Trp

His

SEQ ID NO 46
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

4°74

16

Thr

5

Phe

Pro

Val

Thr

Val
85

Ser

Pro

Val

Gly

165

Asp

Lvs
70

Leu

Lys

Ser

Glu

150

Gln

Gly

Gln

Agn

Leu

Glu

Lys
70

Leu

Lys
150

Gln

Gly

77

Pro

Thr

Val

Ala

Arg

135

Gly

Pro

Ser

Gln

Hig
215

Synthetic Construct

Pro

Phe

Val

Phe

55

Pro

Thr

Val

Ala

Arg

135

Gly

Pro

Ser

AT

Val

Ser

Lys

120

ASP

Phe

Glu

Phe

Gly
200

Pro

Pro

Thr

40

Agn

Arg

Val

Ser

Lys

120

ASDP

Phe

Glu

Phe

Glu

Leu

Agn

105

Gly

Glu

Agn
Phe
185

ASn

Thr

Trp

Glu

Leu

Agn
105

Gly

Agn

Phe
185

Glu

His

50

Gln

Leu

Pro

Agn

170

Leu

Val

Gln

Pro
10

Val

Glu

His

S0

Gln

Leu

Pro

Agn

170

Leu

US 10,239,944 B2

Gln

75

Gln

Ala

Pro

Thr

sSer

155

Val

Phe

Ala

Pro

Val

Val

Gln

75

Gln

Ala

Pro

Thr

Ser
155

-continued

Tyr

ASD

Leu

ATrg

Lys

140

ASpP

Ser

Ser

Ser
220

Pro

Val

ASDP
60

ASpP

Leu

ATYJ

Lys

140

ASpP

Ser

Asn

Trp

Pro

Glu
125
AsSn

Ile

Thr

Cys
205

Leu

Glu

Asp

Asp

45

Gly

AsSn

Trp

Pro

Glu
125

AsSn

Tle

Thr

Ser

Leu

2la

110

Pro

Gln

Ala

Thr

Leu

120

Ser

Ser

Leu

Thr

30

Val

Val

Ser

Leu

Ala
110

Pro

Gln

Ala

Thr

Leu
190

Thr

Agn

o5

Pro

Gln

Val

Val

Pro

175

Thr

Val

Leu

Leu

15

Leu

Ser

Glu

Thr

Agn

S5

Pro

Gln

Val

Val

Pro

175

Thr

Tyzr

80

Gly

Ile

Val

Ser

Glu

160

Pro

Val

Met

Ser

Gly

Met

His

Val

Tyr

80

Gly

Ile

Val

Ser

Glu
160

Pro

Val

78



ASDP

Hig

Pro

225

Gly

Pro

Val
Tyr
305

Glu

Hig

Gln

Leu

385

Pro

Agn

Leu

Val

Gln
465

Glu

210

Gly

Gly

2la

Pro

Val

290

Val

Gln

Gln

2la

Pro

370

Thr

Ser

Phe
450

Ser
195

Ala

Gly

Pro

Lys

275

Val

ASP

ASP

Leu
355

Arg

Ser
435

Ser

Ser

ATy

Leu

Ser

Ser

Glu

260

ASP

ASDP

Gly

Agn

Trp

340

Pro

Glu

Agn

Ile

Thr

420

ASP

Leu

Trp

His

Gly

Gly

245

Leu

Thr

Vval

Val

Ser

325

Leu

Ala

Pro

Gln

Ala

405

Thr

Leu

Ser

Ser

Gln

Agn

Gly

230

Gly

Leu

Leu

Ser

Glu

310

Thr

Agn

Pro

Gln

Val

390

Val

Pro

Thr

Val

Leu
4770

79

Gln
Hisg
215
Gly
Gly
Gly
Met
Hisg
295

Val

Gly
Ile
Val
375
sSer
Glu
Pro
Val
Met

455

Ser

The invention claimed 1s:

Gly

200

Ser

ASpP

Gly

Ile

280

Glu

His

ATrg

Glu

360

Leu

Trp

Val

ASP

440

His

Pro

Agn

Thr

Gly

Pro

265

Ser

ASDP

Agn

Val

Glu

345

Thr

Thr

Glu

Leu

425

Glu

Gly

Val

Gln

Gly

Thr

250

Ser

Arg

Pro

2la

Val

330

Thr

Leu

Ser
4710

Ser

Ala

US 10,239,944 B2

Phe

Gly

235

His

Val

Thr

Glu

Lys

315

Ser

Ile

Pro

Leu

395

Agnh

Ser

ATrg

Leu

-continued

Ser
Ser

220

Ser

Thr

Phe

Pro

Val

300

Thr

Val

Cvys

Ser

Pro

380

Val

Gly

ASD

Trp

His
460

Cys
205

Leu

Gly

Leu

Glu
285

Leu

Lys
365

Ser

Gln

Gly

Gln

445

Agh

Ser

Ser

Gly

Pro

Phe

270

Val

Phe

Pro

Thr

Val

350

2la

Arg

Gly

Pro

Ser

430

Gln

His

Val

Leu

Gly

Pro

255

Pro

Thr

Agn

Arg

Val

335

Ser

ASpP

Phe

Glu

415

Phe

Gly

Met

Ser

Ser

240

Pro

Trp

Glu

320

Leu

Agn

Gly

Glu

Tyr

400

Agn

Phe

Agn

Thr

80

the first polypeptide comprises the same amino acid

sequence as the second polypeptide, and the third
polypeptide comprises the same amino acid sequence
as the fourth polypeptide;
the second Fc¢ domain monomer comprises a different
111). B comprises a second Fc¢ domain monomer; amino acid sequence than the fifth Fc domain mono-
b). a second polypeptide having the formula A'-L'-B'; 353 mer, and the fourth Fc domain monomer comprises a
wherein different amino acid sequence than the sixth Fc domain

1). A’ comprises a third Fc domain monomer; monomer, and

11). L' 1s a linker; and each of the first, second, third, fourth, fifth, and sixth Fc

111). B' comprises a fourth Fc domain monomer; domain monomers comprises a human IgGl CH2
¢). a third polypeptide that comprises a fifth Fc domain 60 domain monomer and a human IgGl CH3 domain

monomer; and monomer, wherein each CH3 domain monomer has no
d). a fourth polypeptide that comprises a sixth Fc domain more than 10 single amino acid substitutions to pro-

monomer; mote complementary dimerization of F¢ domain mono-
wherein A and A' combine to form a first Fc domain, B metrs.

and the fifth Fc domain monomer combine to form a 65 2. The Fc construct of claim 1, wherein

second Fc¢ domain, and B' and the sixth Fc domain each of the CH3 domain monomers of the first and third

monomer combine to form a third F¢ domain; Fc¢ domain monomers comprises a complementary

1. An Fc construct comprising;:
a). a first polypeptide having the formula A-L-B; wherein

1). A comprises a {irst Fc domain monomer;
11). L 1s a linker; and

50

.




US 10,239,944 B2

81

dimerization selectivity module that promote dimeriza-
tion between the first Fc domain monomer and the third
Fc domain monomer,

cach of the CH3 domain monomers of the second and fifth
Fc¢ domain monomers comprises a complementary
dimerization selectivity module that promote dimeriza-
tion between the second Fc¢ domain monomer and the
fiftth Fc domain monomer, and/or

cach of the CH3 domain monomers of the fourth and sixth

Fc¢ domain monomers comprises a complementary
dimerization selectivity module that promote dimeriza-
tion between the fourth Fc domain monomer and the
sixth F¢ domain monomer.

3. The Fc construct of claim 2, wherein the complemen-
tary dimerization selectivity modules of the first and third Fc
domain monomers each comprise reverse charge mutations
in at least two positions within a ring of charged residues at
the interface between the CH3 domain monomers of the first
and third Fc domain monomers.

4. The Fc construct of claim 3, wherein the reverse charge
mutations 1n at least two positions are K409D/D399K,
K392D/D399K, E357K/K370E, D3356K/K439D, K409E/
D399K, K392E/D399K, E3357K/K370D, or D356K/K439E
(all positions by EU Kabat numbering system).

5. The Fc¢ construct of claim 2, wherein the complemen-
tary dimerization selectivity modules of the first and third Fc
domain monomers comprise quadruple reverse charge muta-
tions 1n four positions at the interface between the CH3
domain monomers of the first and third F¢ domain mono-
mers.

6. The Fc construct of claim 5, wherein the quadruple

reverse charge mutations combine any pair ol double muta-
tions selected {from K409D/D399K, K392D/D399K,

E357K/K370E, D356K/K439D, K409E/D399K, K392E/
D399K, E357K/K370D, and D356K/K439E (all positions
by EU Kabat numbering system).

7. The Fc construct of claim 2, wherein one of the
complementary dimerization selectivity modules of the sec-
ond and fifth Fc domain monomers comprises an engineered
protuberance and the other of the complementary dimeriza-
tion selectivity modules of the second and fifth Fc domain
monomers comprises an engineered cavity.

8. The Fc construct of claim 2, wherein one of the
complementary dimerization selectivity modules of the
fourth and sixth Fc domain monomers comprises an engi-
neered protuberance and the other of the complementary
dimerization selectivity modules of the fourth and sixth Fc
domain monomers comprises an engineered cavity.

9. The Fc¢ construct of claim 2, wherein the complemen-
tary dimerization selectivity modules of the second and
fourth F¢ domain monomers each comprise an engineered
protuberance and the complementary dimerization selectiv-
ity modules of the fifth and sixth F¢ domain monomers each
comprise an engineered cavity.

10. The Fc construct of claim 9, wherein the engineered
protuberance comprises at least one mutation selected from
the group consisting of S354C, T366W, T366Y, T394W,
T394F, and F405W and the engineered cavity comprises at
leastone mutation selected from the group consisting of
Y349C, T366S, L368A, Y407V, Y4071, Y407A, F405A,
and T394S (all positions by EU Kabat numbering system).

11. The Fc¢ construct of claim 2, wherein the complemen-
tary dimerization selectivity modules of the second and
fourth F¢ domain monomers each comprise an engineered
cavity and the complementary dimerization selectivity mod-
ules of the fifth and sixth Fc domain monomers each
comprise an engineered protuberance.

10
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12. The Fc construct of claim 11, wherein the engineered
cavity comprises at least one mutation selected from the

group consisting of Y349C, T366S, L368A, Y407V, Y407/T,
Y407A, F405A, and T394S and the engineered protuberance
comprises at least one mutation selected from the group
consisting of S354C, T366W, T366Y, 1T394W, T394F, and
F405W (all positions by EU Kabat numbering system).
13. The Fc construct of claim 1, wherein the Fc construct
contains no more than three Fc domains.
14. The Fc construct of claim 1, wherein one or more
linker 1n said Fc construct 1s a spacer.
15. A pharmaceutical composition comprising a substan-
tially homogenous population of the Fc construct of claim 1
and one or more pharmaceutically acceptable carriers or
excipients.
16. The Fc construct of claim 2,
wherein the CH3 domain monomers of the first and the
third Fc domain monomers dimerize and each of the
complementary dimerization selectivity modules of the
first and third Fc domain monomers comprises reverse
charge mutations 1n at least two positions within a ring
of charged residues at the interface between the CH3
domain monomers of the first and the third Fc domain
MONOMmers;

wherein the CH3 domain monomers of the second and the
fifth Fc domain monomers dimerize, the complemen-
tary dimerization selectivity module of the second Fc
domain monomer comprises an engineered protuber-
ance, and the complementary dimerization selectivity
module of the fifth Fc domain monomer comprises an
engineered cavity; and

wherein the CH3 domain monomers of the fourth and

sixth Fc domain monomers dimerize, the complemen-
tary dimerization selectivity module of the fourth Fc
domain monomer comprises an engineered protuber-
ance, and the complementary dimerization selectivity
module of the sixth F¢ domain monomer comprises an
engineered cavity.

17. The Fc construct of claim 2,

wherein the CH3 domain monomers of the first and the

third Fc domain monomers dimerize, the complemen-
tary dimerization selectivity module of the first Fc
domain monomer comprises an engineered protuber-
ance, and the complementary dimerization selectivity
module of the third Fc domain monomer comprises an
engineered cavity;

wherein the CH3 domain monomers of the second and the

fitth Fc domain monomers dimerize and each of the
complementary dimerization selectivity modules of the
second and fifth Fc¢ domain monomers comprises
reverse charge mutations 1 at least two positions
within a ring of charged residues at the interface
between the CH3 domains of the second and the fifth Fc
domain monomers; and

wherein the CH3 domain monomers of the fourth and

sixth Fc domain monomers dimerize and each of the
complementary dimerization selectivity modules of the
fourth and sixth Fc domain monomers comprises
reverse charge mutations 1 at least two positions
within a rning of charged residues at the interface
between the CH3 domains of the fourth and sixth Fc
domain monomers.

18. The Fc construct of claim 2,

wherein the CH3 domain monomers of the first and third

Fc¢ domain monomers dimerize, the complementary
dimerization selectivity module of the first Fc domain
monomer comprises an engineered cavity, and the
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complementary dimerization selectivity module of the the amino acid sequences of the fourth and sixth Fc

third Fc domain monomer comprises an engineered domain monomers differ by two amino acids.

protiuber Ance; | | 20. The pharmaceutical composition of claim 15, wherein
wherein the CH3 domain monomers of the second and the the substantially homogenous population is 85% homog-

fifth F¢ domain monomers dimerize and each of the 5 L5«
complementary dimerization selectivity modules of the
second and fifth Fc¢ domain monomers comprises
reverse charge mutations 1 at least two positions
within a ring of charged residues at the interface
between the CH3 domains of the second and the fifth Fc 10
domain monomers; and

wherein the CH3 domain monomers of the fourth and
sixth Fc domain monomers dimerize and each of the
complementary dimerization selectivity modules of the
fourth and sixth Fc¢ domain monomers comprises 15
reverse charge mutations in at least two positions
within a ring of charged residues at the interface
between the CH3 domains of the fourth and the sixth Fc
domain monomers.

21. The Fc construct of claim 1, wherein each of the first,
second, third, fourth, fifth, and sixth Fc¢ domain monomers
further comprises a hinge domain or functional fragment
thereof.

22. The Fc construct of claim 1, wherein each of the first,
second, and third Fc domains are capable of binding to an Fc

receplor.
23. A pharmaceutical composition comprising a substan-

tially homogenous population of the Fc construct of any of

claims 1-12, 13, 14, 16, 20, 21 and 22 and one or more
pharmaceutically acceptable carriers or excipients.

24. A method of reducing immune cell activation of the
immune response 1 a subject, said method comprising

19. The Fc construct of claim 1, . administering to said subject the Fc construct of any of

wherein the amino acid sequences of the second and fifth claims 1-12, 13, 14, 16, 20, 21 and 22.
Fc domain monomers differ by two amino acids, and * ok ok % ok




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 10,239,944 B2 Page 1 of 1
APPLICATION NO. : 15/141413

DATED : March 26, 2019

INVENTOR(S) : Carlos J. Bosques et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

In Column 81, Line 59, In Claim 10, delete “leastone’ and insert -- least one --, therefor.
In Colummn 84, Line 15 (Approx.), In Claim 23, delete “16, 20 and insert -- 16-20, --, therefor.

In Column 84, Line 20 (Approx.), In Claim 24, delete “16, 20 and 1nsert -- 16-20, --, therefor.

Si1gned and Sealed this
T'wenty-seventh Day ot August, 2019

Andre1 Iancu
Director of the United States Patent and Trademark Office
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